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PREFACE

As part of the U.S. Air Force Installation Restoration Program (IRP),
investigations were undertaken at five sites on Buckley Air National Guard Base,

Colorado, to determine whether hazardous material contamination is present. This
report, prepared by Dames & Moore under Contract No. F33615-83-D-4002, Order
No. 0024, presents the results of the Phase II, Stage 1 IRP investigations. The

period of field work reported on herein was October 1984 to December 1984. The
project was directed by Dr. Kenneth J. Stimpfl. Dr. Richard Harlan provided
technical management. Mr. Lawrence Cope, Staff Hydrogeologist, supervised the

borehole drilling and monitor well installation with field assistance from Mr. Stephen
Werner, Ground Water Technician. Dr. M. Carol McCartney, Project Hydrogeologist,

and Ms. Carol J. Scholl, Staff Geologist, assisted in data interpretation and report
preparation. Lt. Maria LaMagna, Technical Services Division, USAF Occupational and
Environmental Health Laboratory (OEHL), was the Technical Manager.
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SUMMARY

Buckley Air National Guard Base (ANGB) is located in Arapahoe County,

Colorado, in the city of Aurora. The base is on the western edge of the Great

Plains physiographic province, which slopes gently eastward from the Rocky Mountain
Front Range. Buckley ANGB has been in operation since 1942 and its current

mission is to train Air National Guard personnel.

The Phase II field investigation of the Installation Restoration Program (IRP)

A consisted of investigations at the following sites:

o Site 1 - Landfill zone including oil pit;

o Sites FT-I, FT-2, and FT-3 - Fire training areas; and

o Site 5 - Storm drainage system near Bldg. 801.

The field investigation consisted of the following activities:

0 Drilling, soil and water sampling, geologically logging and installing four

monitor wells at Site 1; and

0 Drilling, soil sampling, and geologically logging nine borings at the rest of
the sites.

The qround water samples were analyzed for pH, temperature, specific

conductance, cadmium, chromium, lead, nickel, silver, phenolics, total dissolved solids

(TDS), total organic carbon (TOC), total organic halogens (TOX), and 14 pesticides

(aldrin, p,p'-DDT, o,p-DDT, DDD, DDE, dieldrin, endrin, heptachlor, heptachlor epoxide,

lindane, methoxychlor, 2,4-D, 2,4,5-TP (Silvex), and 2,4,5-T. The soil samples were

analyzed for percent moisture, phenolics, TOC, and TOX Pt .11 sites and for lead at

FT-I, FT-2, FT-3, and Site 5; at Site 1 they were also analyzed for the 14

pesticides. NO

Three major bedrock aquifers underlie Buckley ANGB, which is within the

Denver Basin; they are, in ascending order, the Laramie-Fox Hills aquifer, the

/ Arapahoe aquifer, and the Denver aquifer. Unconsolidated alluvial aquifers occur in

present and ancestral stream valleys and terraces as saturated sand and gravel. The

uppermost two bedrock aquifers and the alluvial aquifers are of concern at Buckley

ANGB. Contaminated water in the surface Denver aquifer could flow downward to

the Arapahoe aquifer, and the alluvial aquifers are local sources of water supply.

The Denver Formation is 600 to 1000 feet of complexly interbedded sandstones, -'

siltstones, claystones, and shale. The water-bearing layers are about 175 feet thick.-%,1;m

near Buckley ANGB. The Arapahoe Formation is 400 to 700 feet of conglomerate,

sandstone, siltstone, and qhqlp; nQ,' P-,ckley, the water-bes>.. layers are about 0

Zr[1]
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150 feet thick. The alluvial aquifers, which are generally coarse grained, are

vulnerable to contamination because pollutant attenuation is expected to be minimal,

and downgradient movement would be rapid. D

Contamination of the ground water has been found at Buckley ANGB. Cadmium

levels exceeded primary drinking water standards at the landfill zone and oil pit. ,

This is an area where it is likely the bedrock aquifer discharges to the alluvial

aquifer associated with East Toll Gate Creek, and water quality in the alluvial

aquifer may be affected. The soil at Buckley is contaminated at Site FT-3, as

evidenced by a strong fuel odor and elevated TOX and TOG. This site is also in an

area where contaminated ground water would probably discharge to the East Toll

Gate Creek aquifer. Downgradient users of this aquifer are within 1 mile of the

base boundaries.

Ground water sampling and analysis at Sites FT-1, FT-2, and FT-3 are

recommended to assess whether these sites had an impact on water quality.

The following summarizes our recommendations and rationale for further p
investigations: ,. .

Site Recommended Action Rationale

CATEGORY 2 - SITES REQUIRING FURTHER INVESTIGATIONS

1 Install four new monitor To verify the presence of con-
wells, one upgradient and taminants determined during the .* ,I*-

three downgradient, along East Phase II, Stage 1 investigation,
Toll Gate Creek drainage, and to determine the cause of
Sample these wells and the TOX concentrations.
existing monitor wells f,,)r
TDS, pH, specific conductance,
temperature, purgeable halo-
carbons (USEPA Method 601),
purgeable aromatics (USEPA
Method 602), lead (Method
of Standard Additions, EPA-
600/4-79-020, Revised March
1983, Metals, Atomic Absorp-
tion Methods, 18.5),
phenolics, and cadmium.

Conduct resistivity survey of To define the extent of the con-
the area along East Toll Gate taminant plume downgradient of
Creek downgradient of the the landfill and oil pit.
iandf}' (off bae) and th,
area between the oil pit and *. '
the creek.

r2.



Site Recommended Action Rationale

FT-3 Install two downgradient and To determine whether the ground
one upgradient well and sample water, as well as the soil, is
for purgeable aromatics (USEPA contaminated at this site.
Method 602), purgeable halo-
carbons (USEPA Method 601),
TDS, phenolics, pH, tempera-
ture, specific conductance,
and lead (Method of Standard
Additions, EPA-60n/4-79-020, ..1
Revised March 1983, Metals,
Atomic Absorption Methods,
it8. 5).

FT-1, FT-2, Install one downgradient well To determine whether ground
and 5 at each of these sites and water contamination has resulted

analyze for the parameters from these sites.
listed for FT-3.

Base Wells Resample and analyze the four To determine the cause of the
base wells for purgeable halo- TOX concentrations in these
carbons (USEPA Method 601), wells.
purgeable aromatics (USEPA
Method 602), and _hlorides.

CATEGORY 3- SITES REQUIRING REMEDIAL ACTIONS

Oil Pit Develop a remedial action plan To halt this ongoing source of

and initiate closure pro- soil and ground water contami- .
ceedings. nation.

[-3
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= . . .: ,:t' ,,. ' ,,*- ' : ,, -', ,t~c, ' .,. ,,.N ,-.,.'-.. .- - .€.-'.. ..' -.. ..',-.. ..-. ,. -,.., -.. .-....-.-- -, .*.* .
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I. INTRODUCTION
L.1

A. BACKGROUND

The Department of Defense (DOD) initiated the Installation Restoration Program

(IRP) to investigate and mitigate any environmental contamination that may be

present at DOD facilities as a result of handling or disposing of hazardous materials.

The IRP was issued as Defense Environmental Quality Program Policy Memorandum

(DEQPPM) 81-5 in 1981. The U.S. Air Force (USAF) implemented DEQPPM 81-5 in

1982 as a four-phased program:

Phase I Program Identification/Records Search

Phase II Program Confirmation and Quantification
- Several stages as necessary

Phase III Technology Base Development

Phase IV Corrective Action

For Buckley Air National Guard Base (ANGB), Aurora, Colorado, Phase I was

completed by Simons, Li & Associates, Inc. (1982). Dames & Moore has been

retained by the USAF under Contract F33615-83-D-4002, Order 0024, to conduct the o'

Phase II, Stage 1 field evaluation. The location of Buckley ANGB is provided on the

Location Map (Plate 1).

This report presents the results of Dames & Moore's Phase II, Stage 1 field and

laboratory investigations in the vicinity of hazardous waste disposal and handling

areas at Buckley ANGB. Chemical analyses were performed by UBTL, Inc., of Salt
Lake City, Utah, as a subcontractor to Dames & Moore.

B. PURPOSE AND SCOPE

The purposes of the field evaluation portion of Phase II, Stage 1 of the IRP

were to:

1. Determine whether environmental contamination has resulted from material

handling or waste disposal practices at Buckley ANGB;

2. Provide estimates of the magnitude and extent of contamination, if

contamination was found; and

3. Identify and recommend any additional investigations and their attendant

costs necessary to identify the magnitude, extent, and direction of

movement of discovered contaminants.

FL 4
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The scope of work as outlined for Phase II, Stage 1 of the IRP consisted of

the following activities:

1. Drilling, soil sampling, and geologically logging nine borings to a depth of

11 feet at four locations;

2. Drilling, soil sampling, geologically logging, and installing four monitor
wells to depths ranging from 33 to 68 feet at one location;

3. Analyzing selected soil samples from each boring for total organic carbon

(TOC), total organic halogens (TOX), and phenolics, and from some borings

for pesticides and lead;

4. Analyzing selected ground water samples for TOC, TOX, phenolics, total

dissolved solids (TDS), trace metals, pesticides, pli, temperature, and

specific conductance; and

5. Preparing this report, which presents our findings and recommendations.

Field work began in October 1984 and continued through December 1984. Base

wells were sampled on 20 March 84 during the Presurvey Site Tour by Dr. Kenneth

J. Stimpfl, Project Leader, and the results were presented in the Presurvey Report

(Dames & Moore, 1984).

C. HISTORY OF BUCKLEY ANGB AND WASTE DISPOSAL OPERATIONS .

Buckley ANGB, comprising 3540 acres, is located in the city of Aurora,
Arapahoe County, Colorado. The base was activated in 1942 with an initial mission

to train bombardiers and armorers for the U.S. Army Air Corps for the war effort.

Subsequently, the base has operated under Army, Navy, and Air National Guard

command. Currently, the primary mission of the base is to train Colorado Air

National Guard personnel to combat readiness. Buckley is the only military flying

base in the area and supports 60 base assigned aircraft and up to 10,000 transient

military aircraft per year.

Hazardous wastes and materials have been used and generated at Buckley ANGB 7;;I
since 1942 in aircraft and ground vehicle maintenance, fuel storage and dispensing,
operation of utility systems, general base maintenance activities, and fire training.

Maintenance operations generate waste solvents, contaminated fuels and hydraulic

fluids, degreasers, dye penetrants, and other associated materials. Before 1981,

these fluids were stored in an underground fuel tank near Building 815 and were

burned in fire training exercises or at the base dump. Used oil was dumped into the

oil pit near the Civil Engineering Shops. Currently, these wastes are disposed of

[161



through the Defense Property Disposal Office (DPDO) in Fort Carson. Fuels used

and stored at Buckley ANGB include JP-4 jet fuel, No. 2 diesel fuel, AVGAS 130,

and MOGAS. No spills greater than 100 gallons have been reported, but use of an

old aquasystem fuel storage tank near Building 800 was discontinued due to leakage ]

problems. From the 1940s through the 1960s, fuel tank sludges and filters were

deposited at the base dump. Today, contaminated fuels are used in fire training and

hazardous wastes are turned in to Defense Property Disposal Office through base

supply channels. General base maintenance activities have included pest control,
including DDT use from 1942 until the late 1950s, and road oiling for dust control.
Empty pesticide containers were disposed of in the base dump.

D. DESCRIPTION OF SITES

Simons, Li & Associates (1982) identified eight sites with low to moderate ]

potential for environmental contamination at Buckley ANGB. These sites were:

o Fire Training Area No. 2;

o Oil pit;
o Base dump;

o Fire Training Area No. 3;

o Fire Training Area No. 1;
o Storm drainage system;

o Sludge drying beds; and
o Army aircraft burial site.

Of these eight sites, the following five sites were considered to have the greatest
potential for environmental impacts and were investigated during Phase I1, Stage 1:

o Landfill zone including oil pit (Site 1);

0 Fire protection training areas (Sites FT-I, FT-2, and FT-3); and

o Storm drainage system near Building 801 (Site 5).

The sites investigated during Phase I, Stage 1 are shown on Plate 2, and each site

L is described below. ]

Ilk
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1. Site 1 - Landfill Zone Including Oil Pit

The base landfill is located near the west installation boundary and extends

eastward along the floodplain of East Toll Gate Creek for approximately 3000 feet

(Plate 2). The landfill was in operation from 1942 to 1982 and received municipal

refuse from Buckley ANGB from 1942 until 1968 and from Lowry Air Force Base

during the early 1960s. Building materials, paint cans, pesticide containers, fuel
tank sludges, and construction rubble are known to have been disposed of in the

landfill. During the period of Navy occupation (1947 to 1959), and perhaps for
several years thereafter, the landfill was burned periodically. It is assumed that

waste oil and other flammable materials may have been used to aid burning. Trench

and fill methods were also utilized at this site.

The landfill lies within the floodplain of East Toll Gate Creek and, on at least

one occasion in 1965, has been under water. The floodplain soils, although relatively
impermeable, are subject to erosion and degradation. The water table is reported to

be variable but is generally about 5 feet below the creek bed (Simons, Li &

Associates, 1982).

The City of Aurora has requested that a right-of-way easement for a sewer

line be granted. The line will parallel East Toll Gate Creek just south of the

landfill.

The oil pit, in use between 1950 and 1982, is located adjacent to the base

landfill southeast of Building 711. Approximately 10 feet square, the pit is enclosed

by concrete walls, and it is not known if the bottom is lined. The pit was burned

on occasion during the 1950s. Materials disposed of in the pit other than oil are

unknown.

Because of the types of materials disposed of and the location of the base
landfill and oil pit within the floodplain of East Toll Gate Creek, a potential for '

migration of contaminants exists at this site.

2. Sites FT-I, FT-2, and FT-3 - Fire Protection Training Areas

Three sites have been used for fire protection training activities at Buckley

ANGB since the 1940s. Site FT-2, located near the control tower area, was in use

between 1950 and 1972 and received the highest Hazard Assessment Rating
- Methodology (HARM) score (63) among the fire training areas. At this site,

hazardous materials including AVGAS and JP-4 and possibly waste solvents were

burned. The site is unlined and undiked, as are the other two fire training areas.
FT-2 is within 2000 feet of base well No. 5, a potable water supply well.

~[91
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FT-3, located west of Building 801, has been in operation since 1972. As

described in the Phase I report, fire training exercise procedures involve adding

water to the area to reduce infiltration, and then approximately 150 gallons of

water-contaminated JP-4 fuel is ignited. Fires are extinguished with water and

6 percent aqueous film-forming foam (AFFF). Twenty-four exercises are conducted

annually, during which time 400 gallons of AFFF are used. During the exercise, fire

department personnel estimate that approximately 50 to 70 percent of the fuel is
burned. Similar procedures were used at FT-2, except that a protein-based foam ,

was employed. Exercises occurred approximately six times a month.

During the late 1940s and early 1950s, Site FT-i, located southwest of the

abandoned reservoir, was used as an AVGAS burning site. The frequency of the

exercises is unknown.

Because all three fire training areas are unlined and undiked and residual

flammable materials were permitted to remain on site, these areas have a potential

for contaminant accumulation and migration.

3. Site 5 - Storm Drainage System Near Building 801

At Buckley ANGB, stormwater is collected in a system of pipes, culverts, and

open ditches. East of the north-south runway, drainage is discharged to Sand Creek.

West of this runway, drainage flows to East Toll Gate Creek. Spills are generally

washed to the nearest stormwater collector.

The practice of washing and painting aircraft on the apron south of Building

801 occurred between 1942 and 1982. The apron was washed with water, which

either infiltrated at this location or flowed off to the south, entered a drainage

ditch, and flowed off the base. Fuels, cleaning compounds, ethylene glycol, paints,

and strippers are materials known to have been washed off the apron in this
locality. These materials may migrnte through sediments leaching into the local ,

surface waters and possibly infiltrate into and contaminate the ground water system.

E. IDENTIFICATION OF POLLUTANTS SAMPLED

Based on the wastes present in the above sites, potential contaminants include

organic carbons, organic halogens, phenolics, pesticides, and the heavy metals nickel,
lead, cadmium, chromium, and silver. For this effort, the analysis scheme is a
provided in Table 1. Ground water samples were measured in the field for
temperature, pH, and specific conductance. Laboratory analyses were provided by

UBTL, Inc., Salt Lake City, Utah, as a subcontractor to Dames & Moore.

[10] .1



TABLE 1

CHEMICAL ANALYSIS SCHEME

BUCKLEY ANGB, COLORADO, PHASE II, STAGE I 

TOC, TRACE
SITE TOX PHENOLICS TDS PESTICIDES METALS

Site 1 4W 4W 4W 4Wa  4Wb

12S 12S 12S

Site FTA-2 4S 4S -- 4Sc

Site FTA-3 4S 4S 4SC--.

Site FTA-1 4S 4S 4Sc

Site 5 6S 6S 6Sc

Note: W = water samples, S = soil samples. 0

aAldrin, DDT isomers, dieldrin, endrin, heptachlor,

heptachlor epoxide, methoxychlor, 2,4-D, 2,4,5-T,

and Silvex.

bNickel, lead, cadmium, chromium, and silver.

CLead only, nitric acid extract of soil.

p.oi
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F. IDENTIFICATION OF THE FIELD TEAM

The field investigations required for Phase II, Stage 1, were accomplished under
the direction of Dr. Kenneth J. Stimpfl. Mr. Larry Cope, Staff Hydrogeologist,

supervised the borehole drilling and monitor well installation with field assistance
from Mr. Steve Werner, Ground Water Technician. Additional assistance in data

compilation and analysis and report preparation was provided by Dr. M. Carol
McCartney, Project Hydrogeologist, and Ms. Carol J. Scholl, Staff Geologist. Drilling

services were provided by Custom Auger Drilling Services, Inc., Denver, Colorado, as

a subcontractor to Dames & Moore. Appendix I contains biographies of key

personnel.

'i
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It. ENVIRONMENTAL SETTING XV.

A. PHYSICAL GEOGRAPHY

Buckley ANGB occupies 3540 acres in the city of Aurora, Colorado. Land

usage adjacent to the base is industrial and agricultural to the north, commercial

and residential to the west, residential and agricultural to the south, and agricultural 
..

to the east.

The base is located along the western edge of the Great Plains physiographic

province (Plate 3), which slopes eastward from the Rocky Mountain Front Range.

This portion of the Great Plains province is characterized by rolling hills and

relatively steep drainageways. The ground slope at Buckley ANGB is 1 percent to

the northwest from an elevation of 5700 feet above mean sea level (msl) at the

southeast corner to 5480 feet msl at the northwest corner (Plate 4).

The main runway at Buckley ANGB approximately coincides with the drainage

divide between Toll Gate Creek Basin and Sand Creek Basin (Plate 4). Drainage
from the base is ultimately to the South Platte River, to the northeast, via these

creeks. The intermittent East Toll Gate Creek crosses the southwest corner of the

site. The main channel of Sand Creek, which sustains a small base flow throughout

most of the year, lies just northeast of the base. Surface drainage at the base is

accomplished by overland flow to drainage channels leading to either of these

creeks. Generalized surface flow is to the northeast on the east side of the

drainage divide and to the west on the west side of the drainage divide.

The normal annual precipitation in the area is 15.5 inches. The climate is

semiarid, and yearly net precipitation is approximately -30 inches. The potential for

contaminant migration in the area is reduced by this low net precipitation. Average S

monthly temperatures range from 29.9 0 F in January to 73 0 F in July (Simons, Li &

Associates, 1982).

[13]
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B. REGIONAL GEOLOGY AND HYDROGEOLOGY

Buckley ANGB is located within the Denver Basin (Plate 5), which is comprised
primarily of interbedded shales, claystones, siltstones, and sandstones ranging from
Late Cretaceous to Early Tertiary in age. Also present are interspersed zones of
conglomerates, limestone, lignite, coal, tuff, and lava. The Pierre Shale is
considered to be the base of the bedrock-aquifer system in the Denver Basin due to
its low permeability and great thickness (up to 8000 feet). In ascending order, the
formations overlying the Pierre Shale include the Late Cretaceous Fox Hills
Sandstone, approximately 200 feet of shale, shaley sandstone and sandstone; and the I
Laramie, 600 to 650 feet of sand, clay, and shale with many coal seams. Next in
the sequence are the Late Cretaceous age Arapahoe Formation, the Denver
Formation, and the Tertiary age Dawson Arkose. These formations include 1000 to
1200 feet of sand, clay, shale, and sandstone with some coal seams. Surficial
deposits in the basin are Quaternary age loess and alluvium of varying thickness.

The Denver Basin is seismically active, and the area near Buckley ANGB has
been the center of earthquakes ranging from II to VII on the Modified Mercalli
Intensity Scale since 1962. I

The four major bedrock aquifers that occur in the Denver Basin are, in
ascending order, the Laramie-Fox Hills aquifer, the Arapahoe aquifer, the Denver
aquifer, and the Dawson aquifer. Alluvial aquifers are common along drainageways.
The Dawson aquifer occurs only in the south-central section of the basin.

The aquifers in the Denver Basin below the Dawson are recharged by leaking
from the overlying aquifers or by precipitation and streams in the areas of outcrop
along the aquifer margins. In general, water table conditions exist in these aquifers
in their outcrop areas, and artesian conditions exist elsewhere. Ground water
quality is generally good in these aquifers in the area but they all have areas of
higher iron, sulfate, or hardness. Flow in the Denver aquifer is generally from the
central area out to the margins; in the lower Arapahoe and Laramie-Fox Hills
aquifers, flow is generally from the south to the north in the northern two-thirds of
the basin. In all three aquifers, flow lines are complicated by the trough along the
South Platte River in the northwest corner of the basin. This natural trough filled
with Quaternary alluvial deposits has been increased by ground water pumping from
the bedrock and alluvial aquifers in this area. Alluvial aquifers occur as saturated . -

sand and gravel and ancestral stream valleys and terraces. These aquifers, as well
as the three bedrock aquifers, provide water for urban, suburban, and rural uses.

[161
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C. GENERAL BASE HYDROGEOLOGY

The surface geology at Buckley ANGB is comprised of Quaternary alluvial

sands, clays, silts, and gravels along stream beds and terraces above stream beds;

loess and eolian sands forming extensive sand hills throughout much of the center of

the base; and outcrops of Late Cretaceous to Early Tertiary age Denver Formation.

In descending order, the principal aquifers underlying the base are the Denver

Formation and the Arapahoe Formation. The Denver Formation is a 600- to

1000-foot thick series of irregularly bedded, permeable sandstones and siltstones

complexly interbedded with relatively impermeable claystone and shale. The total

thickness of water-bearing layers in the Denver Formation is about 175 feet in the

Buckley ANGB area.

The Late Cretaceous age Arapahoe Formation is a 400- to 700-foot thick

sequence of interbedded conglomerate, sandstone, siltstone, and shale.

Hydrologically, the upper 50 to 100 feet of the underlying Late Cretaceous age

Laramie Formation is generally considered to function as part of the Arapahoe

Aquifer. The thickness of water-bearing layers is about 150 feet in the Arapahoe
Aquifer at Buckley. The Denver and Arapahoe aquifers are similar in terms of

complexity and variability.

Within the Denver and Arapahoe aquifers, ground water flow at the base is

generally in the north-northwesterly direction, towards troughs along the South
Platte River. The potentiometric elevation of the Denver aquifer was 150 to

200 feet below the land surface in 1978; at that time, the potentiometric surface of

the Arapahoe aquifer was about 100 feet lower. Therefore, water will tend to flow

downward from the Denver aquifer into the Arapahoe aquifer. The upper portion of

the Denver aquifer near Buckley ANGB is partially saturated; during periods of high

ground water, springs issue near the runways at the base.

There are approximately 40 wells, for both domestic and livestock use,

immediately north and northwest of Buckley ANGB. The presence of hazardous

substances at the surface or subsurface would create a potential for contamination

of the water supply in this area. Also, because the Denver aquifer water table is

higher than the Arapahoe aquifer, contaminated water can flow downward to the

Arapahoe aquifer.

[181
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D. SITE-SPECIFIC GEOLOGY AND HYDROGEOLOGY

N This section presents the results of the surface and subsurface investigations

conducted during Phase II, Stage 1 at the five previously listed sites at Buckley

ANGB. The field program is described in Section III, and the results of the chemical

analyses are presented in Section IV. Logs of borings are presented in Appendix C.

Rk 1. Sitel1

V 7 Site 1 was operated as the base landfill from 1942 to 1982. Four monitor

wells (MW-I, MW-2, MW-3, and MW-4) were completed to depths of approximately

68 feet at MW-I and MW-2 and about 35 feet at MW-3 and MW-4 (see Plate 6).

S MW-i and MW-2 are located south and upgradient of the landfill; MW-3 and MW-4

are in an area believed to be downgradient of the landfill and oil pit. Table 2 lists

the monitor well construction data.

The subsurface profile at MW-i and MW-2 consists of blue to blue-gray shale

or siltstone interbedded with yellow to brown sandy clay and sandstone (see V

Appendix C). Water was encountered while drilling MW-I and MW-2 on 23 October -a

84 and 26 October 84, respectively. After development, MW-2 remained dry and

was, therefore, not included in water quality analyses. MW-I contained a small a

amount of water after development and does not penetrate the true water table. It

is believed that both MW-i and MW-2 drained a perched lens of water.
CO..

The subsurface profile at MW-3 and MW-4 (see Appendix C) consists of

interbedded clay, silty sand, and some sand and gravel. MW-4 reached the blue

shale found in MW-i and MW-2. Water was encountered in MW-3 at about 15 feet

on 24 October 84 and at about 12 feet on 25 October 84 in MW-4. Both borings

encountered a spongy, black, organic silt at about 15 feet.

Percent moisture in analyzed soil samples ranged from 10 percent in MW-i and

MW-2 to 21 percent in MW-4. HNU photoionization meter readings were at

background levels during drilling of these borings.

2. Sites FT-1, FT-2, and FT-3 -

Fire protection training activities have been undertaken at Buckley ANGB since

the 1940s at these three sites. Two soil borings were drilled, sampled, and logged

at each site.

[19]
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Subsurface materials at FT-2 (Plate 7) consisted of a light brown sandy clay
over a gray claystone (see Appendix C). The borings, to 11.5 feet, did not
encounter the water table. Analyzed soil samples ranged from 15 to 19 percent ,
moisture. HNU photoionization meter readings were at background levels during

drilling.

At FT-3 (Plate 8), the subsurface materials consisted of a surface gravel fill
over silt or siltstone interbedded with sand and some gravel (see Appendix C). A
strong fuel odor was noted in B-i, which was wet at the surface; the fuel odor was

light in B-2, which was dry. Analyzed soil samples had 11 percent moisture in B-I
and 4 to 9 percent moisture in B-2. Both borings ended at 11.5 feet. HNU
photoionization meter readings were at background levels during drilling.

Subsurface materials at FT-I (Plate 9) consisted of white and brown weathered

claystone with silty sand at B-2 over a red sandy siltstone or claystone (see
Appendix C). The borings, which ended at 11.5 feet, did not encounter water.
Moisture in analyzed soil samples ranged from 6 to 13 percent. HNU photoionization

meter readings were at background levels during drilling.

3. Site 5

Washing and painting of aircraft occurred near Site 5 from 1942 to 1982
(Plate 10). Three borings were drilled, sampled, and logged near this site.

Subsurface materials at Site 5 consisted of interbedded silty sand and sandy
clay with some coarse sand layers (see Appendix C). Water was encountered at the
surface in borings B-1 and B-2. Boring B-3, which ended at 11.5 feet, was dry.
Percent moisture in analyzed soil samples ranged from 15 to 20 percent. HNU
photoionization meter readings were at background levels during drilling.

E. HISTORIC GROUND WATER PROBLEMS

Ground water in the vicinity of Buckley ANGB provides water for domestic,
agricultural, industrial, and commercial uses. Up to 100 feet of decline in the water
table has been reported for the area around Buckley ANGB during 1958 through
1978. This water level decline is due to increased pumpage in the developing
Denver suburban areas and to the spread of the decline of water levels from the
metropolitan area (Robson and Romero, 1981).

[22]
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Ground water quality is generally good in the Denver and Arapahoe aquifers

and meets the U.S. Environmental Protection Agency (USEPA) drinking water

standards. The water withdrawn from the Denver and Arapahoe aquifers in the

Buckley ANGB area generally has about 200 mg/L of dissolved solids, less than

25 mg/L of dissolved sulfate, and the water is generally soft with less than 60 mg/L

of calcium carbonate. The Phase I investigation reported chemical analysis of water

drawn from the Buckley deep wells and the Marine well that showed excessive
fluoride, but no other constituents exceed drinking water limits. Hillier et al. (1983)

have reported high levels of fluoride for the Denver and Arapahoe aquifers as

discussed in Section IV.A.6. The water at Buckley is reported to have taste and

odor problems. Water drawn from the Laramie and Fox Hills aquifers may have

troublesome amounts of methane and hydrogen sulfide, which can cause foul tastes

and objectionable odors. Laramie-Fox Hills water also has been reported to have

excessive iron and fluoride concentrations (Simons, Li & Associates, 1982).

Ground water samples were taken from wells on Buckley ANGB during the

Presurvey Site Tour (26 March 84). The analyses of these water samples are

discussed in Section IV.A.4.

F. LOCATION OF WELLS ON AND OFF BASE

Buckley ANGB derives its water supply from on-base wells. The locations of

the on-base wells are shown on Plate 2. Well No. 1 is no longer in operation, and

well No. 2 has collapsed.

Approximately 40 wells tap ground water north and west of Buckley ANGB

(Plate 11). Ground water usage has declined in the area due to urbanization and

the availability of city water supplies, but many domestic and ranch wells are still

in use.

II
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II. FIELD PROGRAM

A. DEVELOPMENT

The field program was developed based on Phase I and the Phase II Presurvey

of the IRP. During Phase I, the sites at which hazardous materials were handled

were identified, and the sites with potential environmental impact were selected.

The Phase II, Stage 1 field program consisted of the following activities:

four new monitor wells at Site 1 on the base;

2. Measuring water levels and collecting samples for water quality analyses
from each new monitor well;

3. Drilling, soil sampling, and geologically logging nine boreholes at four sites

on the base; and

4. Chemical analysis of soil and water samples.

B. IMPLEMENTATION

1. Well Installation

Four monitor wells were constructed at Site 1 on Buckley ANGB. The wells

were constructed by Custom Auger Drilling Services, Inc. of Denver, Colorado under

the direction of Dames & Moore field personnel, using a truck-mounted rotary drill

rig with 8-inch hollow stem augers. Samples were collected using a 2.5-inch split

spoon sampler driven by a 340-pound drop hammer. The sampler was thoroughly

cleaned with a weak nitric acid solution, hexane, and distilled water before eachI]
sampling. Descriptions of the samples were made in the field by an experienced

Dames & Moore technician, and these descriptions were used to prepare geologic logs

for each borehole.

The boreholes were monitored for explosive gases during drilling using an

explosimeter. Readings were taken at the top of the borehole during drilling and ..r.

immediately before sampling operations. The readings were recorded in a field
notebook.

The casing installed for the monitor wells was a nominal 2-inch Schedule 40

PVC pipe and well screen. The screen is 0.010-inch slot size with a 0.25-inch space

between slots. All casing and screen sections were coupled with threaded joints; no

PVC solvent or metal parts were used. Where possible, wells had 25 feet of screen

set so that the upper 5 feet of screen extended above the water table. Above the

screen, blank casing was installed to a nominal 1 to 2 feet above the ground

,Q

[29]



TA rig "' "W%_L'I,

surface. Monitor well MW-1 had 10 feet of screen installed at a depth of 68 feet.
It is believed that a perched zone of water was encountered at 40 feet. The

installation record for each well is provided in Appendix C, and a summary of
construction details is given in Table 2.

A gravel pack was placed in the annular space from the bottom of the well to

the top of the well screen. The remainder of the annular space was filled with a

cement-bentonite mixture to about 1.5 feet from the ground surface. A concrete
cap was poured to the ground surface, and the installation was completed by

embedding a 3-foot length of 6-inch diameter steel pipe with a locking cap

approximately 1.5 feet into the concrete cap and over the well pipe.

2. Well Sampling

After drilling, each well was developed by bailing until the water became clear F
or until it was obvious that further effort would not improve the clarity of water

being discharged. Prior to sample collection, another three well volumes were

removed by bailing. Temperature, specific conductance, and pH measurements of the

water were made after bailing was completed. Samples were collected from the
wells using a PVC sampling bailer. The bailer was suspended in the well using a

polypropylene rope and was raised and lowered by hand. Prepared sampling

containers, with appropriate preservatives, were filled and immediately stored on ice
in insulated shipping containers. At the end of each sampling day, the water

samples were shipped via air freight to the testing laboratories (UBTL in Salt Lake
City, Utah, and OEHL at Brooks AFB, Texas), where the samples were received the

following day. The soil samples were stored in prepared glass containers and frozen

at the end of each working day. They were shipped to the testing laboratories at
the same time the water samples were shipped.

The bailer and the various probes and containers used during sampling and field

testing were thoroughly rinsed after each use with laboratory-grade detergent and
water, hexane, and distilled water, in that order. All field instruments functioned

well and were calibrated before and during use to ensure accuracy. Static water

levels were measured during drilling operations and again during sampling. 1ii
Chain-of-custody forms were prepared and accompanied the samples from the

field to the laboratory. These records documented the integrity of the samples at

each point of transfer, from field personnel to shippers and couriers to the

laboratory staff. The signatures of the individuals relinquishing and accepting f
custody of the samples and the date and time appear on the records at each point
of transfer (see Appendix G).

[30]



3. Analytical Methods

The soil and ground water samples were analyzed in accordance with USEPA

methods. Table 1 lists each parameter and site of the chemical analysis scheme. W

Tables 3 and 4 list each parameter and its analytical method. Details of sampling

and analytical procedures are provided in Appendix E.

kN
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TABLE 3

ANALYTICAL RESULTS ABOVE 
DETECTION LIMIT

BUCKLEY ANGB - WATER ANALYSES

DETECTION SITE 1 6

PARAMETER METHOD UNIT LIMIT MW-I MW-3 MW-4

Cadmium 213.1a mg/L 0.01 0.02 0.02 0.01

Nickel 24 9 .1a mg/L 0.05 0.08 0.09 0.09

Silver 2 72 .1a  mg/L 0.01 0.02 0.02 0.01

Phenolics 420.2a 1g/L 10. 10. 30. 10.

TDS 160.2a mg/L 1. 3500. 2300. 2500.

TOC 415.1a mg/L 1. 6.1 39. 6.4

TOX 90 2 0 b Vg/L 10. 64. 65. 63.

pH field .-- 6.9 6.8 6.8

Temperature field 0C -- 13.8 13.0 12.0

Specific field Vmhos/cm -- 4651. 2852. 2772.
Conductance

aMethods for Chemical Analysis of Water and Wastes, EPA 600/4-79-020,

revised March 1983.

bTest Methods for Evaluating Solid Waste, SW-846, 2nd ed., July 1982,

modified for use on 0.1. Corp. Model 610 TOX analyzer.

Notes: 1. The analytical technique between the methods published in
EPA-SW-846, EPA 600/4-82-057, EPA 600/4-79-020, and Standard
Methods 16th ed. are the same.

2. Water samples were analyzed for chromium, lead, aldrin, DDD,
DDE, o,p-DDT, p,p'-DDT, dieldrin, endrin, heptachlor, heptachlor

% epoxide, lindane, methoxychlor, 2,4-D, 2,4,5-TP, and 2,4-T and
were found to be below the limits of detection.

1%

[32]

-. S' t~ -6- %' %r: I M



C14

030

4 C 11, NC 04
C4 

C1-'4 )

D ci

V~~4 u- --

1- C' 02
C-44

04

0)

CD C-4 4 -1 0 n _; C C

W\ )- -4 f^

4~r '-4 N NN 
0 4C0

I.- .- -. C17-

INl .'0 ., % *l WN' 0 * 4 4 CD -
0 ~

4 0' -i- IID4

CC

co CD0) C ;C

>-.4 CD o4 '-o *.

CIO A. 4-k 04

Q)40

04'0 CO rz -; 0 0)0

1-3 -44.
44 CD >

00- 02 N1CD -O 21 3COOOQ .. OOC ... ~ '. 0

0- 0 -4

ccm) 0) m m) C7 Pc l 0) U I. a) L)> cC
m~I142 ~ . .0 ,.. 1.02 U9. 1-0 .. 4

.4. *.4 a,.- "I. z 07% CP cm 0

4- >

M.C.0.0 M.0 z 0.0 o U[33]
s 0 C'j 0

px - n " li i R 1 - 1 x C 6. ) (



IV. DISCUSSION OF RESULTS AND SIGNIFICANCE OF FINDINGS

This section presents a discussion of the chemical analyses of soil and ground

water samples collected during field investigations at the sites shown on Plate 6.

The second portion of this section discusses the significance of the results. Site-

specific geology is discussed in Section II, and the field investigations are described

in Section III.

Water samples were analyzed for pH, temperature, specific conductance,

cadmium, chromium, lead, nickel, silver, phenolics, total dissolved solids (TDS), total

organic carbon (TOC), total organic halogens (TOX), and 14 pesticides. Table 3 lists

results of those analyses that were above detection limits. Appendix G contains the

complete analytical report for water and soils. Soil samples were analyzed for

percent moisture, phenolics, TOC, and TOX at all sites, and for lead (by acid

extraction) at FT-1, FT-2, FT-3 and Site 5. At Site 1, soils were also analyzed fora

14 pesticides. Table 4 lists results of soils analyses that were above detection

limits.

A. DISCUSSION OF RESULTS

1. Site 1

Four monitor wells were installed in the area of the landfill and oil pit. Two ., '.

upgradient wells, MW-i and MW-2, were placed on a hill south of the zone

(Plate 6). After installation and development to depths of 68 feet, it was

discovered that neither well penetrated the true water table. MW-2 was dry, and

MW-1 probably drains a perched water-bearing lens. MW-3 and MW-4 are believed

to be downgradient from the oil pit and landfill, respectively.

The primary drinking water standard for cadmium (0.01 mg/L) was exceeded in

the three wells sampled (see Table 3). Chromium, lead and the fourteen pesticides

(aldrin, DDT isomers and derivatives, dieldrin, endrin, heptachlor, epoxide, lindane,

metboxychlor, 2,4-D, 2,4,5-TP, and 2,4-T) were below detection limits in all three .- h

wells, but the very low percent recovery for lead (7 percent) makes this result

questionable (see Appendix G). A suspected matrix effect has resulted in greatly

underestimated lead values. Total dissolved solids (TDS) were high in the three .s .

wells, ranging from 2300 mg/L in MW-3 to 3500 mg/L in MW-I. Correspondingly,

specific conductance was high. Total organic carbon (TOC) was relatively high, at

39 mg/L, in MW-3 as compared to MW-I and MW-4 where it was 6.1 mg/L and .

6.4 mg/L, respectively. Phenolics were also higher in MW-3 (30 pg/L) than in MW-I

or MW-4 (10 jig/L in both). Total organic halogens (TOX), which ranged from

63 pg/L to 65 pg/l,, were slightly elevated in all the wells. Nickel and silver were
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detected at low concentrations. The pH level, at 6.8 and 6.9, was within the

acceptable range of 6.5 to 8.5 as stated in the secondary drinking water regulations
~(40 CFR 143, 1979).

The eight soil samples from the monitor wells had no detectable TOX or
pesticides. Phenolics in the soil were not detected downgradient of the site (see

Table 4) and ranged from 5 to 7 pg/g upgradient of the site. TOC was 1200 and

870 pg/g at depth in MW-1 and MW-2, respectively; in MW-4 and MW-3, TOC ranged
from 1400 to 4100 pg/g. A spongy black organic silt with fibers was found in MW-3

and MW-4 at 15 feet, and TOC values of 2700 and 2900 pg/g, respectively, were

detected in these borings.

2. Sites FT-1, FT-2, and FT-3

Two borings were placed at FT-2, the fire training area near the control tower

and base well No. 5 (see Plate 7). TOX was below detection limits in the soil
samples from B-I and B-2, and phenolics were detected only at the surface in very
low amounts (2 and 3 pg/g) (see Table 4). Lead levels were about four times the

detection limit in the soil samples, but the low recovery rate (3 percent) because of
matrix effects makes all the lead results uninterpretable (see Appendix G). A matrix
effect occurs when the lead is not liberated completely during the analysis and,

therefore, the measured values are lower than expected in the spike analyses. TOC

ranged from 1500 pg/g at 5 feet in B-2 to 5700 pg/g at the surface in B-I.

FT-3 is the fire training area near Building 801 (see Plate 8). A fuel odor

was noted during drilling of both B-I and B-2. TOX was detected in the soil at B-I

at the surface (8.6 pg/g) but was below detection limits elsewhere. Phenolics in the
soil ranged from 3 pg/g in B-2 at 5 feet to 6 pg/g in B-I at the surface. TOC was
5800 and 4300 pg/g at the surface and at 5 feet, respectively, in B-i; it was 3700

and 1500 pg/g in B-2.

FT-1, the fire training area near the reservoir, was sampled in two soil

borings, B-1 and B-2 (see Plate 9). No fuel odor was noted during their drilling.
TOX was below detection limits in the soil samples from B-1 and B-2 (see Table 4),

and phenolics ranged from 1 pg/g in B-2 to 10 pg/g in B-1. TOC ranged from
1100 pg/g at 5 feet in B-1 to 4900 pg/g at the surface in B-2.

3. Site 5
/ S]

This site of aircraft painting and washing was sampled in three soil borings,
B-1, B-2, and B-3 (see Plate 10). TOX was below detection limits in all the soil

samples from these borings (see Table 4); phenolics ranged up to 3 pg/g in B-3.
TOC ranged from 400 pg/g at 5 feet in B-1 to 4800 pg/g at the surface in B-2.

[35]
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4. Results of Base Well Sampling

Ground water samples were taken from wells on the base during the Presurvey
Site Tour (26 March 84). The samples were analyzed for pH1, temperature, specific

conductance, oil and grease, TOG, and TOX. Table 5 lists the results of those

analyses. Specific conductance was elevated in base wells No. 5 and No. 3. Oil and
grease and TOC were below detection limits in all wells. TOX ranged from 40 to - ]

50 pg/L.

5. Reliability of Ground Water and Soil Analyses 41

The ground water quality analyses are considered to be reliable by virtue of
the well construction and sampling measures taken in the field to insure that the
samples were representative; by virtue of quality control procedures in the
laboratory; and because of the monitor well locations.

The monitor wells were screened above and below the water table where low
density organic contaminants would be concentrated. After the monitor wells were
installed, they were developed by bailing to lower the effects of drilling and
installation and to improve the flow of ground water into the wells. At least three

casing volumes of water were removed from the monitor wells prior to sampling to
insure that the samples were representative of ground water in the formation. The
monitor well samples were collected with a PVC bailer to minimize agitation and
consequent aeration of the sample, which could volatilize organic chemicals.

The downgradient monitor wells were installed at locations where they would
most likely intercept contaminants from the landfill and oil pit. Soil borings were

placed within the fire training areas and, at Site 5, adjacent to and downhill from
the wash area.

The laboratory quality control (QC) program is described in detail in Appendix
B. In general, analyses of duplicate and spiked samples were satisfactory, except

for the lead and TOX analyses. The recovery rates for the lead analysis were
7 percent from the water sample and 3 percent from the soil samples. In the TOX
analysis, the recovery rate was 52 percent from the soil sample. A matrix effect
was suspected to be the cause of the low recovery rates in both cases.

-p-
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6. Background Concentrations

No historic background concentrations of organic parameters or pesticides are

available for ground water beneath Buckley ANGB, but some information exists for

concentrations of inorganic constituents. Ground water used at the base is from the
Denver, Arapahoe and Laramie-Fox Hills aquifers. Water quality in all three of

these aquifers is generally good but, as discussed in Section IL.E, the water at

Buckley is reported to have taste and odor problems. Naturally occurring dissolved

iron, hydrogen sulfide and methane gas can cause objectionable taste and odors in

the aquifers at Buckley.

Table 6 summarizes the water quality in the Denver and Arapahoe aquifers. •

State standards for public water supplies are often exceeded in these aquifers,

especially for total dissolved solids, manganese and sulfate. As discussed in
Section II.E, these aquifers generally have about 200 pg/L total dissolved solids and

less than 25 pg/L dissolved sulfate.

No historic analyses of the organic content of ground water beneath the base .
were available, and the absence of any water quality criteria for TOX and TOC

precludes any regulatory basis for comparing the concentrations obtained from water

and soil samples. However, the following information provides some basis for
interpreting the quality of water and soil indicated by TOX and TOC measurements.

TOC is a measure of the organic carbon in a sample, regardless of whether the

source is natural or man-made. Organic carbon in uncontaminated ground water is
derived from humic and fulvic acids dissolved from sediments, dissolution of

carbonates containing organic carbon, and other dissolved organic materials.
Background concentrations are typically less than 10 mg/L. In an aquifer in which

there is little ground water movement, organic-rich aquifer material, and relatively

anaerobic or reducing conditions, TOC concentrations could be expected to range up .

to 100 mg/L. Industrial wastes may contain as much as 200,000 mg/L, and

consequently, highly contaminated ground water may yield any concentration including

several thousand milligrams per liter of TOC.

All soils contain varying fractions of organic materials that, in turn, contain.,

different concentrations of organic carbon. The organic carbon analyses for the

Buckley ANGB samples were performed on soil slurried with water and analyzed

using the TOC methodology (USEPA Method 415.1) for water. No TOC methodology

for solid samples has been approved by USEPA to date. The Buckley soil analyses :1
will be evaluated only on a relative basis, especially because no background samples
were specified by the Phase II, Stage 1 scope of work. D
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TOX i. - m-asure of organic halogens co.taining c1ori~, bromine, and iodine
that can be adsorbed by activated carbon. The same methodology (USEPA :,

Method 9020) was used for both soil and wuter analyses. A water extract was

taken from the soil samples according to USEPA methods (USEPA, 1982).
Chlorinated and brominated organic chemicals are not naturally produced, but are
manufactured chemicals such as pesticides, PCBs, PBBs, and solvents. Therefore,

virtually any concentration of TOX is an indication of contamination. There are no , "

established safe levels of TOX because of the wide variety of compounds that
contribute to TOX.

B. SIGNIFICANCE OF FINDINGS ..

Based on the results described in the previous section, this section will

estimate, to the degree possible, the extent of contamination at each site and the
risk to human health, if any, that the contamination poses.

1. Extent of Contamination at Site I

Cadmium contamination in the ground water has been detected at 0.02 mg/L in

monitor wells MW-I and MW-3. In MW-4, cadmium was present at the limit of
detection (0.01 mg/L), which is the maximum level of the primary drinking water
standard. Because cadmium and elevated TOX (63 to 65 pg/L) are present in both

the upgradient and downgradient wells, the current data indicate that the landfill is
not the source of these contaminants. The slightly elevated TOC and phenolics in
MW-3 suggest contamination from the oil pit may have reached MW-3, but it is

possible the elevated TOC in the ground water may be due to the organic silt at ]

15 feet (see boring logs, Appendix C). The phenolics are likely from the oil pit or
the area upgradient of it.

Results of soil analyses did not indicate contamination by phenolics or organic

halogens on this site. TOC values are variable; in MW-3 and MW-4, they do not ]

fall with increasing depth, as expected, but fall from zero to 5 feet and go up again

at 15 feet, probably because of the organic stratum (see Table 4). The organic silt
layer is probably a wetland soil that was buried during an earlier depositional stage .,

of East Toll Gate Creek.

Preliminary information about ground water flow direction near the landfill and -"

oil pit is insufficient to draw conclusions about the extent or potential of "

contamination from this site. Although regional ground water flow is to the north-
northwest, locally the ground water may be flowing toward East Toll Gate Creek .

and discharging to the alluvial aquifer. In that case, rapid dilution and migration of -. p
contaminants would be expected. The water supply of downgradient users of the

[40]
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alluvial aquifer, some of whom are within 2 miles of the landfill, could be affected A
by changes in water quality from Site 1. Alternatively, the alluvial aquifer may be
acting as a recharge area rather than a discharge area for the bedrock aquife'. In 

that case, contaminants would move downward into the bedrock aquifers. The water

supply on and off base would be affected.

MW-3 and MW-4 are located on a low terrace of East Toll Gate Creek. They

are screened in both the alluvium and the bedrock and, therefore, may be giving us
information on both water level and water quality that is a composite of the two

aquifers. Definitive answers about flow direction and recharge versus discharge

,' areas would require separation of this composite effect.

2. Extent of Contamination at Sites FT-1, FT-2, and FT-3

Results of soil analyses fail to indicate contamination by phenolics or TOX at

Site FT-2. As expected in a natural, uncontaminated area, TOC values are higher

at the surface (5700 and 4200 pg/g), where plants and roots add to the carbon

content of the soil, than they are at depth (1900 and 1500 ug/g). As discussed I
previously, the lead content of the soil is undetermined because of the low percent "

recovered from the analysis. No contamination has been documented by the results

of these analyses.

The proximity of Site FT-2 to base well No. 5 is of minimal concern because

the well is very deep (2100 feet) and because ground water flow from Site FT-2 is k

generally to the north and away from well No. 5. Ground water flowing from this
site would probably discharge to the alluvial aquifer along Sand Creek, where mixing

and relatively rapid flow would occur. The potential for contaminant migration to
water supply wells from Site FT-2 is probably small.

Contamination of the soil at Site FT-3 was indicated by a strong fuel odor

during drilling and by elevated TOX (8.6 pg/g) in B-1. As discussed earlier, lead

results are inconclusive.

Ground water flow at Site FT-3 is probably locally to the southwest, towards S.
East Toll Gate Creek. No analyses of ground water were done at this site;

therefore, the extent of contaminant migration cannot be estimated. However, there

is a potential for impact on downgradient users of the alluvial aquifer, some of
whom are within 1 mile of the site.

Results of soils analyses at FT-1 failed to reveal any phenolic or TOX A

contamination, and TOC concentrations were lower at depth. Lead results were

]inconclusive
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Ground water was not analyzed at Site FT-I, but flow in this area is probably
to the east-northeast, towards the reservoir and itc discharge. Any contamination in
the ground water moving from this site would likely be diluted by the reservoir
before discharge to the Sand Creek alluvial aquifer. The potential for effect on
water supply wells is probably small.

3. Extent of Contamination at Site 5

Results of soil analyses from Site 5 do not indicate TOX or phenolics
contamination, and the lead results are inconclusive. TOC levels, ;s expected, drop
with depth.

Site 5, like Sites 1 and FT-3, is located in an area that drains to East Toll
Gate Creek. Although the rt <ilts of soils analyses to date do not indicate
contamination at this site, migration from this area could affect nearby downgradient
uscrs of the alluvial aquifer.

4. Extent of Contamination of Base Wells

Results of analyses performed on water from base wells yielded TOX
concentrations of 40 to 50 pg/L. To determine whether these values are caused by
man-induced pollutants or are attributable to a matrix effect due to naturally

occurring halogens, particularly chlorides, it will be necessary to reanalyze water
from these wells by USEPA Methods 601 and 602, as well as for chloride.
Determination of the extent of contamination, if present, can be made only after

these specific analyses are performed.

oil
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V. ALTERNATIVE MEASURES

A. ALTERNATIVE MEASURES 2
This section describes several alternatives for further defining the extent and

magnitude of ground water and soil contamination that has been found at Buckley

ANGB. The alternatives include additional soil and ground water analyses, a
resistivity survey, and installation of seven additional wells. Each alternative is
discussed below.

Additional soil analyses at Sites FT-i, FT-2, and Site 5 are necessitated by the
inconclusive results of the lead analyses for this study. Analytical problems,

specifically a recovery rate of less than 10 percent caused by a suspected matrix
effect, made results of the earlier lead analyses uninterpretable. An EP toxicity
test leaching procedure, using acidified water to leach the soil, and the method of
standard additions to analyze for the lead should result in meaningful data about
possible lead contamination and its mobility at these sites.

A resistivity survey of Site 1, the landfill and oil pit zone, calibrated with a
small number of wells, should provide a cost-effective subsurface investigation of the N

extent of the contaminant plume from this site. TDS levels in MW-3 and MW-4
suggest, preliminarily, that there is sufficient resistivity contrast betw, n the landfill
plume and the aquifer. This contrast makes the contaminant plume identifiable from
the surface and precludes the necessity of a large number of costly wells. One

Xupgradient and three downgradient wells, placed relative to the plume as defined by
the resistivity survey and sampled for indicator parameters and volatile organics, can
provide information on the magnitude of the contamination from this site. These
wells and MW-i, MW-3, and MW-4 should be analyzed for TDS, pH, specific 0

conductance, temperature, phenolics, purgeable halocarbons (USEPA Method 601), and

purgeable aromatics (USEPA Method 602).

The contamination at Site 1 should be verified by resampling for cadmium in
MW-I, MW-3, and MW-4 and analyzing using an analytical method that provides a

lower detection limit. Cadmium was detected above the primary drinking water
standard in MW-I and MW-3 and at the standard in MW-4, but the detection limit
for the analysis was at the standard. Verification should be done with a more
sensitive analysis. ,

In order to determine whether ground water contamination is resulting from the
past activities at the fire training areas and at Site 5, monitor wells should be

installed downgradient of each of these sites and analyzed for TDS, pH, specific
conductance, temperature, lead, cadmium, phenolics, purgeable halocarbons, and
purgeable aromatics.
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Borehole geophysical methods such as resistivity, self potential, density, and

gamma radiation are often used to characterize and correlate geologic and hydrologic

conditions. However, they would not yield significantly more subsurface information

than that collected during the drilling and sampling carried out for Phase II,

Stage 1. Like surficial geophysical methods, borehole methods yield the most

information from sediments with contrasting properties such as composition, grain

size, moisture content, density, or degree of consolidation. The shallow sediments

beneath the base consist primarily of interbedded materials of contrasting grain

sizes, but in the area of concern, the alluvial aquifer in East Toll Gate Creek, these

contrasts are not as likely and borehole measurements would be relatively useless.

Unsaturated zone monitoring is a method of investigation that is used to 0

characterize the quality of water in the soil pores above the water table. The 1'

sample is collected in a lysimeter that is buried at some depth beneath the area of

investigation. The main disadvantages of lysimeters are that the porous ceramic

filter plugs with soil or the hoses break or collapse. Their usefulness at Buckley

ANGB would be limited by the lack of infiltrating water because of the high r r

evaporation rate.

B. CONCLUSIONS

The following section contains a summary of the conclusions reached after

completion of Phase I, Stage 1. Recommendations for the next phase of the IRP

are given in Section VI.

Two bedrock aquifers and an alluvial aquifer are of concern at Buckley ANGB.

The alluvial aquifers in this area occur in the present and ancestral stream valleys

and terraces. The aquifers associated with East Toll Gate Creek, in the southwest

corner of the base, and Sand Creek, north and east of Buckley, may be local ground

water discharge areas; both are local water supply sources. Ground water from the

bedrock aquifers, the Denver and the Arapahoe, is also an important source of local

water supplies both on and off base and is of concern because contaminated water

in the upper (Denver) aquifer could flow downward into the the lower (Arapahoe)

aquifer. The potential for such contamination of the bedrock aquifers is minimized

by the low net precipitation in this area (-30 inches), which reduces input from .*

contamination sites on the surface, and by the complex interbedding of impermeable . _
and low permeability layers in both aquifers, which slows the downward movement of -

contaminants.

Regional ground water flow direction is to the north and northwest, but .

locally, shallow ground water in the bedrock may discharge to the alluvial aquifers _

along the streams. The alluvial aquifers are primarily coarse grained materials;
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pollutant attenuation can be expected to be minimal, and downgradient movement is
0rapid. If the alluvial aquifers act as recharge areas for the bedrock aquifer, the

landfill zone and oil pit could affect the bedrock aquifer.

Although the evidence obtained during this investigation from soil samples

collected at Sites FT-1, FT-2, and 5 does not give confirmation of contamination

originating from these sites, ground water should be analyzed to assess whether an

adverse condition exists.

Evidence of contamination has been found at two of the sites studied in this

. investigation, Site FT-3 and Site 1. At Site FT-3, the soil is contaminated, as

evidenced by a strong fuel odor and elevated TOX. At Site 1, the ground water
was found to be contaminated by cadmium in levels above the primary drinking water

standard. TDS, TOX, TOC, and phenolics were also elevated in MW-3 at this site.

The two contaminated sites at Buckley ANGB could affect the water supply on

or off base. Ground water at Sites FT-3 and 1 may discharge to the aquifer

associated with East Toll Gate Creek, and downgradient users of this aquifer are

within 1 mile of the base. Sites FT-3 and 1 could be affecting the quality of water

in this alluvial aquifer. If the alluvial aquifer recharges the bedrock aquifer in this

area, Sites 1 and FT-3 may affect water quality in the bedrock aquifers. These

aquifers are used for on-base and off-base drinking water supplies.

At this time, only suggestive evidence exists for contamination of base wells.

TOX concentrations of 40 to 50 pg/L may be a result of a matrix effect due to high

concentrations of naturally occurring halogens, or may be due to man-induced

pollutants. Further, more specific analyses are needed to resolve this solution.
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VI. RECOMMENDATIONS

The recommendations presented in this section have three primary purposes:

i. To identify those sites where further action is deemed warranted;

2. To confirm the existence and magnitude of contamination beneath the

base; and

3. To aid in establishing the distance of migration of contaminants under and

off the base.

Various alternative measures for achieving these purposes, along with a
discussion of the information that would be obtained, are presented in Section V.
The following are our recommendations for sites requiring no further action and sites

warranting further investigation. Cost estimates for a recommended Phase II,

Stage 2 scope of work are provided in Appendix K (separate cover).

A. SITES WHERE FURTHER ACTIONS ARE DEEMED UNWARRANTED ., .

(CATEGORY 1)

Because the preliminary analyses for lead were inconclusive, it is recommended
that all the sites investigated in Phase II, Stage 1 be considered for further

investigation.

B. SITES WARRANTING FURTHER INVESTIGATION (CATEGORY 2)

For Site 1, the landfill and oil pit zone, several stages of further work are i
recommended. Contamination in the ground water at this site should be verified by

resampling for cadmium using an analytical method with lower detection limits at
wells MW-I, MW-3, and MW-4. A resistivity survey of the landfill and oil pit
plume, particularly within the alluvial aquifer, is also recommended. Four new ]

monitor wells should be installed, three screened in the alluvial aquifer and one
screened in the bedrock aquifer, to determine whether the area around Site 1 is a

recharge or a discharge area. These wells will assist in calibrating the resistivity
survey. The upgradient well should be located southeast of the landfill along the
East Toll Gate Creek drainage. This well should be screened within the alluvium.

If permission to install wells off base can be obtained, the three downgradient wells

should be positioned northwest of the landfill along East Toll Gate Creek. Two of .., -
the wells, one screened in the alluvium and one screened in the bedrock, would be

located immediately east of Alameda Avenue. The third well, screened in the -

alluvium, would be located approximately 500 feet further downgradient along the
drainageway. After the resistivity survey is completed, all the wells should be

analyzed for TDS, pI, specific conductance, temperature, purgeable halocarbons %
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(USEPA Method 601), purgeable aromatics (USEPA Method 602), cadmium, phenolics,
and lead (Method of Standard Additions, EPA-600/4-79-020, Revised March 1983,

Metals, Atomic Absorption Method, 18.5).

Monitor wells, two downgradient and one upgradient, are recommended for

Site FT-3, where a fuel odor and elevated TOX and TOC indicate the soil is

contaminated. These wells should be sampled and analyzed for purgeable halocarbons 0

(USEPA Method 601), purgeable aromatics (USEPA Method 602), TDS, phenolics, pl,

temperature, specific conductance, and lead (Method of Standaro Additions,
EPA-600/4-79-020, Revised March 1983, Metals, Atomic Absorption Method, 1[8.5).""

At Sites FT-I, FT-2, and 5, installation of one downgradient well at each site

is recommended. These wells should be sampled and analyzed for purgeable

halocarbons (USEPA Method 601), purgeable aromatics (USEPA Method 602), TDS,

phenolics, pH, temperature, specific conductance, and lead (Method of Standard

Additions, EPA-600/4-79-020, Revised March 1983, Metals, Atomic Absorption

Method, 118.5).

The four base wells should be resampled and analyzed for purgeable halocarbons H
(USEPA Method 601), purgeable aromatics (USEPA Method 602), and chloride.

C. SITES REQUIRING REMEDIAL ACTIONS (CATEGORY 3)

Immediate action should be planned for the oil pit. This pit appears to be an

unlined containment structure and, therefore, is an obvious and ongoing source of

ground water and soil pollution on this base. A remedial action plan should be

developed and closure initiated.

[buck86]

1471

. .. Ax . .- .... ,
, .,.,". ", ,.: /' . ", "2.:2: ':,N,, ,' • ,,,"",, ":'-'"" '. .',':', ,' ", ". ,,.", • "- - v~s 

z -
'*.,': ,"'-' -' : .-.. ; " "-" " ... .. . " -- ..- ,



zp

U

oI
APPENDIX A

DEFINITIONS, NOMENCLATURE, AND UNITS OF MEASUREMENT

I'-



DEFINITIONS, NOMENCLATURE, AND UNITS OF MEASUREMENT

AFB Air Force Base

alluvium Unconsolidated sediments deposited during comparatively recent
geologic time by a stream or other body of running water.

alluvial fan Alluvial material deposited as a cone or fan at the base of a mountain
slope.

aquifer A geologic formation, group of formations, or part of a formation that
is capable of yielding water to a well or spring.

aquiclude A body of relatively impermeable rock that is capable of absorbing
water slowly but functions as an upper or lower boundary of an
aquifer and does not transmit ground water rapidly enough to supply
a well or spring.

aquitard A confining bed that retards but does not prevent the flow of water
to or from an adjacent aquifer.

aromatic Designating cyclic organic compounds characterized by a high degree
of stability in spite of their apparent unsaturated bonds and best
exemplified by benzene and related structures, but also evident in

other compounds.

artesian Ground water confined under hydrostatic pressure.

as N As weight of nitrogen

AVGAS Aviation gasoline

cm/sec Centimeter(s) per second

cone of A depression in the potentiometric surface of a body of water that
depression has the shape of an inverted cone and develops around a well from

which water is being withdrawn.

conglomerate The consolidated equivalent of gravel, both in size range and in the
A essential roundness and sorting of its constituent particles.

Cretaceous A period of geologic time thought to have covered the span between
144 and 66.4 million years ago. Also, the corresponding system of
rocks.

DDT Dichlorodiphenyltrichloroethane, an insecticide

DEQPPM Defense Environmental Quality Program Policy Memorandum

DESEP Civil Engineering/Environmental Planning

4/%
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DOD Department of Defense

downgradient In the direction of decreasing hydraulic static head; the direction in
which ground water flows.

effluent A liquid waste discharge from a manufacturing or treatment process, in
its natural state, or partially or completely treated, that discharges
into the environment.

OF Degrees Fahrenheit

ft Foot, feet

gpd/ft Gallon(s) per day per foot

gpm Gallon(s) per minute

HNU A type of photoionization detector for measurement of organic
vapors

hydraulic In an aquifer, the rate of change of pressure head per unit of
gradient distance of flow at a given point and in a given direction.

in. Inch, inches

IRP Installation Restoration Program

Jurassic A period of geologic time thought to have covered the span between
2098 and 144 million years ago. Also, the corresponding system of
rocks.

LEL Lower explosive limit

matrix effect The effect caused by the presence of certain constituents (such as
chlorides and sulfides when analyzing for lead, or chlorides when
analyzing for TOX), that interfere with atomic absorption
spectrophotometry analyses. These interferences may result in less
than the actual value of the contaminant being detected during
analysis.

mg/g Milligram(s) per gram

mg/L Milligram(s) per liter

ml Milliliter(s)

pg/g Microgram(s) per gram

pg/L Microgram(s) per liter

MOGAS Motor gasoline

[21



monitor well A well used to measure ground water levels and to obtain samples.

msl Mean sea level

No. Number

NPDES National Pollutant Discharge Elimination System

OEHL Occupational and Environmental Health Laboratory

OEHL/TS Occupational and Environmental Health Laboratory/Technical Services

pH Negative logarithm of hydrogen ion concentration; measurement of
acids and bases.

PCB Polychlorinated biphenyl; highly toxic to aquatic life; PCBs persist in
the environment for long periods of time and are biologically

ace-imulative.

PCBs Polychlorinated biphenyls

PDWS Primary drinking water standard(s)

percolation Movement of moisture by gravity or hydrostatic pressure through
interstices of unsaturated rock or soil.

permeability The property or capacity of a porous rock, sediment, or soil for
transmitting a fluid without impairment of the structure of the 0
medium; it is a measure of the relative ease of fluid flow under
unequal pressure.

phenolics Any of various acidic compounds analogous to phenol and regarded as
hydroxyl derivatives of aromatic hydrocarbons.

. piezometer A well commonly used for instrumentation monitoring of low

permeability materials.

Pleistocene An epoch of geologic time thought to have covered the span between I
1.6 million and 10,000 years ago.

POL Petroleum, oil and lubricants

porosity The property of a rock, soil, or other material of containinginterstices.

potentiometric An imaginary surface representing the static head of ground water
surface and defined by the level to which water will rise in a well.

ppb Part(s) per billion

ppm Part(s) per million

,I [32
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PVC Polyvinyl chloride

QC Quality control

RCRA Resource Conservation and Recovery Act

Recent An epoch of geologic time thought to have covered the last 10,000
years.

specific The rate of discharge of a water well per unit of drawdown,

capacity commonly expressed as gallons per minute per foot. ,-.,

specific With reference to the movement of water in soil, a factor expressing
conductivity the volume of transported water per unit of time in a given area.

STP Sewage treatment plant

TCE Trichloroethylene

TDS Total dissolved solids

Tertiary The first period of the Cenozoic era, thought to have covered the
span of time between 66 and 3 to 2 million years ago.

TOC Total organic carbon 170

TOX Total organic halogens

transmissivity The rate at which water is transmitted through a unit width under a
unit hydraulic gradient.

USAF United States Air Force

USEPA United States Environmental Protection Agency

USGS United States Geological Survey

wash A term applied in the western United States to the broad, shallow,
gravelly or stony, normally dry bed of an intermittent stream, often
situated at the bottom of a canyon; it is occasionally filled by a
torrent of water. "i

water table That surface of a body of unconfined ground water at which the
pressure is equal to that of the atmosphere.

[4]
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L.JUL 1364
Installation Restoratinn Program

Phase II Field Evaluation
Buckley Air National Guard Base CO

I. Description of York

The purpose of this task is to determine if environmental contamination --

has resulted from waste disposal practices, fuel spills and fire training
activities at Buckley ANGB CO; to provide estimates of the magnitude and 7
extent of contamination, should contamination be found; to identify potential
environmental consequences of migrating pollutants; to identify any additional
investigations and their attendant costs necessary to properly evaluate the
magnitude, extent, and direction of movement of discovered contaminants.

Ambient air monitoring of hazardous and/or toxic material for the protec-
tion of contractor and Air Force personnel shall be accomplished when
necessary, especially during the drilling operation.

n: pr:e&rvt- report (mailed under seperate cover) and Phase I IR.P report
(mailed under seperate cover) incorporated background and description of the

sites for this task. To accomplish the survey effort, the contractor shall
take the following steps.

A. General

1. Determine the aerial extent of each site by reviewing available
aerial photos of the base, both historical and the most recent panchromatic
and infrared, and by field reconnaissance.

2. Locations where surface water, sediment, and core samples are
collected shall be marked with a permanent marker, and the location recorded
on a site map. 1

3. A total of four ground-water monitoring wells shall be installed.
The exact location of the wells shall be determined in the field.

4. Each ground-water monitoring well shall be constructed of 2-inch
I.D. Schedule 40 PVC casing and screen. Each well shall be completed to a
depth of at least 20 feet below the water table surface. The screened interval
in each well shall consist of 0.010 inch slottel PVC screen depending upon %.

geologic findings during the drilling operation. The screened interval shall
penetrate the water table by 20 feet and extend 5 feet above the water table.
A gravel pack or sand pack, as determined in the field as suitable for the
soil formation, shall be emplaced around the well screen. Clean, fine grained
sand shall be placed above the gravel pack. Bentonite pellets shall be placed
on top of the sand to seal the screened interval, and the seal shall be
completed using a bentonite grout mixture to the surface. Each well shall be
provided with a surface grout seal and nrotectivo %teel cnsi"o with locking
cap. All wells shall be developed, water levels measured, and the'locations
surveyed and recorded on a site map.

F33615-83-D-4 0 0 2/0 02 4 44



5. Ground-water monitoring wells shall comply with U.S. EPA
publication 330/9-81-002 NEIC Manual for Groundwnter/Subsurface Investigation -
at Hazardous Waste Sites, and State of Colorado requirements for monitoring
well installation. All wells shall be developed until they produce clear,
sand-free water. Only screw type joints shall be used. Glue fittings are not

permitted.

6. All water samples shall be analyzed on site by the contractor for
pH, temperature, and specific conductance. Sampling, maximum holding time.
and preservation of samples shall comply strictly with the following refer-
ences: Standard Methods for the Examination of Water and Wastewater, 15tb Ed.
(1980). pp 35-42; ASTN, Part 31, pp 72-82, (1976). Method D-3370; and Methods
for Chemical Analysis of Waters and Wastes, EPA Manual 600/4-79-020, pp xiii
to xix (1979). All water samples shall be analyzed using minimum detection
levels, as specified in Attachment 1.

7. The contractor shall split all water samples. One set of samples
shall be analyzed by the contractor and the other set of samples shall be

forwarded for analysis through overnight delivery to:

USAF OEHL/SA

Bldg 140
Brooks AFB TX 78235

The samples sent to the USAF OEHL/SA shall be accompanied by the

following information: 0

a. Purpose of sample (snalyte)

b. Installation name (base)

C. Sample number (on containers)

d. Source/location of sample

e. Contract Task Numbers and Title of Project

f. Method of collection (bailer, suction pump, air-lift pump, S
etc.)

g. Volumes removed before sample taken

Ih. Special Conditions (use of surrogate standard, special

nonstandard preservations, etc.)

i. Preservatives used

This information shall be forwarded with each sample by properly
completing an AF Form 2752 (copy of form and instruction on proper completion
mailed under separate cover). In addition, copies of field logs documenting
sample collection should accompany the samples. Chain-of-custody reGcrds for
all samples, field blanks, and quality control duplicates shall be maintaied. %

F33615-8304002 /0024

d'. .. ... ..... ..~~~~~~~~~~- - . .d .... , .. .:.''- .. '...-...2"



.a

All contractor QA/QC program analysis results shall be included in the £
analytical results of draft final report (as speci;ied in Item VI below).

8. Field data collected for each site shall be plotted and mapped.

The nature of contamination and the magnitude and potential for contaminant

flow within each site to receiving streams and ground waters shall be

determined or estimated. Upon completion of the sampling and analysis, the

data shall be tabulated in the next R&) Status report, as specified in Item VI I

below.

B. In addition to items del!uested in A above, conduct the following

specific actions at sites identified on Buckley ANGB CO:

1. Site 1. Landfill Zone including Oil Pit

a. Install four ground-water monitoring wells, two wells located

downgradient of the site and two wells located upgradient of the site. Total

footage of wells drilled shall not exceed 220 feet.,I

b. One dovngradient well shall be located 50 feet north of the

landfill along the west boundary of the installation. The second downgradient ,

well shall be located 50 feet west of the oil pit, in a position so as not to

interfere with the north-south gravel road. Wells shall be an average of 40

feet in depth. Soil samples shall be retained for analysis at 2 1(2-foot

intervals from the surface to 10 feet below the surface (BLS). From 10-40 1I
feet BLS, samples shall be retained for analysis at 15.0 feet BLS, 5 feet

above the water table, at the saturated/unsaturated zone interface, and 5 feet

below the water table. A maximum of 6 samples shall be snalyzed. I
(. Each soil sample shall be analyzed for Total Organic Carbons -

(TDC), Total Organic Halogens (TOX). phenols, and the pesticides specified in

Attachment 1.

d. Collect one ground-water sample from each downgradient

monitoring well.

e. Each ground-water sample shall be analyzed for TOC, TO1.

phenols, Total Dissolved Solids (TDS). cadmium, chromium, lead, nickel, and

silver, and the pesticides specified in Attachment 1.

f. One upgradient well shall be located 400 feet north of the

southern base boundary. The second upgradient well shall be located 400 feet

east of the western base boundary. Vells shall be an average of 70 feet in

depth. Soil samples shall be retained for analysis at 5 feet above the water

table, at the saturated/nsaturated zone interface, and 5 feet below the water I "

table. A maximum of 6 samples shall be analyzed.

g. Each soil sample shall be analyzed for TOC, TOX, phenols, and g
the pesticides specified in Attachment 1.

h. Collect one ground-water sample from each upgradient well. %

i. Each ground-water sample shall be analyred for TOC. TOX.-

phenols, TDS, cadmium, chromium, lead. nickel, and silver, and the pesticides

specified in Attachment 1.



Yi~V V 'VV ~VVW VW VVU
4 

111 iWX 61~W .Ai'.

2. Site 2. Fire Training Area 2

a. 7vo soil borings shall be drilled at this site. Each boring 0
shall be drilled to a depth of 10 feet BLS. One boring shall be centrally
located at the site. The second boring shall be located downhill,.100 feet to
the northeast of the site. Soil samples shall be collected with a split spoon
sampler. Samples shall be retained for analysis at 2 1/2-foot intervals from
the surface to 10 feet BLS. A maximum of four samples shall be analyzed.

b. Each soil sample shall be analyzed for TOC, TOl, phenols, and
lead. S

a. Two soil borings shall be drilled at this site. Each boring 0
shall be drilled to a depth of 10 feet BLS. One boring shall be centrally
located at the site. The second boring shall be located downhill, 100 feet to
the southwest of the site. Soil samples shall be collected with * eplit
spoon sampler. A maximum of four samples siall be analyzed.

b. Each soil sample shall be analyzed for TOC, TOX, phenols, and
lead.

4. Site 4. Fire Training Area

a. Two soil borings shall be drilled at this site. Each boring
shall be drilled to depth of 10 feet BLS. One boring shall be centrally
located at the site. The second boring shall be located 100 feet northeast of
the site toward the abandoned reservoir. Soil samples shall be collected with
a split spoon sampler. Samples shall be retained for analysis at 2 1/2 foot
intervals from the surface to 10 feet BLS. A maximum of four samples shall be
analyzed.

b. Each soil sample shall be analyzed for TOC, TOX. phenols, and
lead.

5. Site 5. Storm Drainage System Near Building 801

a. Three soil borings shall be drilled at this site. Each boring 0

shall be drilled to a depth of 10 feet BLS. eGne boring shall be located in
the ditch (tributary) immediately north and dov-Sradient Of Building 801.
The second boring shall be located south of building 801 in the ditch I
(tributary) that receives runoff from the apron. The third boring shall be
located in the ditch that is formed by the merging of the two aforementioned
tributaries, approximately 700 feet south of the second boring. Soil samples
shall be collected with a split spoon sampler. Samples shall be retained for
analysis at 2 1/2-foot intervals from the surface to 10 feet BLS. A maximum of
6 samples shall be analyzed.

b. Each soil sample shall be analyzed for TOC, TOX, phenols, and S
lead.
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r Well Instal I tior and Cl etn-vr A

The well ani boring e.xea shall be cleaned following the

c-zpetion of each Yell and boring. Drill cnttings shall be removed and the -

;.o¢z I area clean. If hazardous waste is generated in the process of well
I_.i. tion the contractor shabl be responsible for proper containerization

fo. :vcn-'ual over- rmnt disposal. The centractor shall determine those drill
-. z.ting5 suspected as beirg hazardous w ste based upon discoloration, odor, or

. 7por detection instrument. The contractor shall test 2 samplei of the

ted ha:.atdoou raste for EP Toxicity and Ignitability as specified in

, .- l,-.It D!i , nf eriil catting ,  nrf not the responsibility of the

d . Resolts of *,l sampling and analysis shall be tabulated and

_o, iv.ted the Ir...formal Technical Information report (Sequence 3 Atcb I

Ato.-rcc 2 Atch - tos recjfied in Itce- VI below) and forwarded to USAF
. .~~ ri .'- ..i cr re i .

1. A draft report delineating all findings of this field

ztatxor shall be prepared and forwarded to the USAF OEHL, as specified J.
S -beio o, for Air Force review and comment. This report shall include

7 o t'.t regionAl xSit specific hydrogeology, well and boring logs,

~.-.'. :--,,tcr ievel szrveys, water quality and soil analysis results, J ".
:!ub:. ,eotyAvflois cro ! sections, g:tcndater and gradient vector maps,

-o q, ity nsiirance information. The report sbll follow the ..

d cr, ez epaylait cover). :

.=.:t d tin sec!ion vill addrsrs each ti te and

Y j'il1 consist cf site. where no further"
r * e- eion, is reqoired Data for 'e .e sites are

- - nt to ra.e o t mnscre, tab]e .e-alth or environental risks.

t. tr o -o xeq air ing d. ;u onitoring or work to quan-

t h .. t....t t 0 ca . i ..tr r. P r 1cn. Category

zme ] si tiont (re y for PhRF hase TV '

S.., .n o r- r

-' oor~r :nr slhi piovid- cor., estimates for a].l additional
. C M ILrortr detcruiwtinn of contaminants. The recommer.

, ns c i c: e r.lI ef !o- t reoni eit to eterine the ragnitcd:

"'.- ,~ I, ~': ,e : of ,  j .CoVf tdC'(fltt nt' along %ith an estimate cf.. ..... , ,.,-:, t:: c(,)::,: i,.2 th p~f ,.._ cifurt. Th'b info -n'.tioO s hall t~e : "

,: : : , - N :-.. . ) b :"r 7 e i " ' . :, e .- rt

r -

. . . ..a". . .. " ."" '."- " " " " -A...i"



-O, V. W A J wr- . . . .

III. Base Support: None

IV. Government Furnished Property: None

V. Government Points of Contact:

1. iLt Maria R. LaMagna 2. Mr Michael Rowan

USAF OEEL/TS 140 TAC Bospital/SGPB

Brooks AFB T1 78235 Buckley ANGB CO 80010

(512) 536-2158 (303) 340-9675

AV 240-2158 AV 877-9672

3. Maj Edward M. Cain 4. Lt Col Michael C. Vasheleski

OLAA/DE ANGSC/SGB

Buckley ANGB CO 80010 Andrews AFB MD 20331

(303) 340-9900 (301) 981-5926

AV 877-9900 AV 858-5926

VI. In addition to sequence numbers 1, 5 and 10 which are applicable to all

orders, the reference numbers below are applicable to this order. Also shown
are data applicable to this order:

Sequence No Block 10 Block 11 Block 12 Block 13 Block 14

Atch 1
4 ONE/R 84DEC30 85iANI.G B5MAY 1O

3 O/Time 2

Atch x
7 O/Time 2

-mum of two draft reports will be required. After incorporating Air
Force comments concerning the first draft report, the contractor shall supply '.3
the USAF OEHL with a second draft report. The report will be forwarded to the

applicable regulatory agencies for their comments. The contractor shall
supply the USAF OEHL with 20 copies of each draft report and 50 copies plus

the original camera ready copy of the final report. 0

**Upon completion

V.3 4.

*1:,

F336 15-83- D-4002,,cO24

() .9,



Levels of Detection Required

Levels of Detection are for water unless shown otherwise:

AuJ±U. Analytical Method Detection Limit.

Total Organic Carbons (TOC) EPA Method 415.1 1000 pg/L

*Total Organic Balogens (TOX) EPA Method 9020 5 pg/L (water);
$ PSll ($oil)-

Phenol EPA Method 420.1 1 pl/L (water); 7.
1 pg/S (soil)

Cadmium (1) EPA Method 213.2 10 pg/L

Chromium (1) EPA Method 218.1 50 pg/L (water);
5 PI/S (soil)

Lead (1) EPA Method 239.2 20 pg/L (water);
2 p&I/ (soil)

Nickel EPA Method 249.1 100 ps/L

Silver (1) EPA Method 272.2 10 pgiL

Total Dissolved Solids

(TDS) (2) EPA Method 160.1 1000 pg/L

EP Toxicity 40 CFR 261.24 S-

Ignitability 40 CFR 261.21 CCC

Aldrin Standard 509A .02 pg/L

DDT isomers Standard 509A .02 pg/L

Dieldrin Standard 509A .02 pgI/L

Endrin (1) Standard 509A .02 pg/L

Deptachlor Standard 509A .02 pt/L

Heptaohlor Epoxide Standard 509A .02 pg/L

Methozychlor (1) Standard 509A .20 pgI/L

2.4-D (1) Standard 509B .06 pg/L
2,4,5-T Standard 509B .06 pg/L

2,4.5-TP (Silvex) (1) Standard 509B .06 pg/L

Por soils, use detection levels shown above, but report values as micrograms

pesticide per Sram of soil.

(l)-Primary Drinking Water Standard, 40 CPR 141.11. ;
(2)-Secondary Drinking Water Standard, 40 CFR 143.3.

*Detection levels for TOC and TOX must be 3 times the noise level of the

instrument. Laboratory distilled water must show no response. If so,

corrections of positive results must be made.

F33615-83- D-4002/002 4

10 1
10?

AA, OL



**Metal MxL of solution

As 10
Ba 200
Cd 10
Cr - 50
Pb 20
Eg 1Se 10

Ag 10

"Determine if sample is ignitable at 140'F or below. If so, it is considered
a hazardous waste.

S

0

F33615-83-D4002/0024

r-~'



PART I SECTION F OF THE SCHEDULE I- POC INSTRUMENT IDN. (PIONs) 2.SPuN 3

SUPPLIES SCHEDULE DATA .F33615-83-D-4002 0024 1PAGED 1OF I j
4. ITEM NO. S. ACRN 6. TSP 7. MILSTRIP DOC NO. AND SUFFIX 6. CON ITEM SERIAL NO. 9. ENDING SERIAL NO. 10. CLIN [OENT

000. AA Pal 
IWHEN APPL) EXHI IT

11. DEL SCHEI DATE 12. ENDING DATE 13. DEL SCHE%;' C I; 'Vy IS .N*P Tn la. MARK FOR

A. 85DEC30 A. A. 1 A FY7624
It. DEL SCHED DATE 12. ENDING DAT .  

13. DEL SCHEDULE DwV -

a. 
(WHEN APPL)

0.S .
. . 0. 

'1 :
C. C. C. E. E.

17. DESCRIPTIVE DATA

SEE SECTION H (iv) OF THE BASIC CONTRACT FOR FY7624 ADDRESS.I

ALL TECHNICAL EFFORT TO BE COMPLETED NO LATER THAN 84 DEC 30. DATE
ABOVE IS DATE FOR GOVERNMENT ACCEPTANCE OF DATA. .

DATA TO BE DELIVERED IN ACCORDANCE WITH ATTACHMENT #1, DD FORM 1423, * *,

AS IMPLEMENTED BY PARAGRAPH VI, PAGE 7 HEREOF. P

4. ITEM No. 5. ACRN 6. tsp 7. MILSTRIP DOC NO. AND SUFFIX 8. CON ITEMI SERIAL-NnO. 10. C N T

0002 AA PRO 
IWNE. A 0L1 EX-81T

II. DEL SCHED DATE 12. ENDING DATE 13. DEL SCHEDULE OTY 14. SCy is. SHIP TO 16. MARK FOR
( WHI'E N APPL I 

C AS 62 41 
T  

I.-

A. 84DEC30 A. A. 1 FY7624
IS. DEL SCHED DATE 12. ENDING DATE I3. DCL SCHEDULE OTX

(WHEN .APPL( .

U. U.8 D. 0, 0. N,4

C. C C. E. E E.

17. DESCRIPTIVE DATASEE SECTION H (iv) OF BASIC CONTRACT FOR FY7624 ADDRESS.

ALL TECHNICAL EFFORT TO BE COMPLETED NO LATER THAN 84 DEC 30. ,

I

4. ITEM NO. S. ACAN 6. TSP 7. MILSTRIP DOC NO. AND SUFFIX 8. LON ITEM SERIAL NO. 9. ENDING SERIAL NO. 13. CL.N DEN

0004 AA tA.

11. OEL SCHED DATE 12. ENDING DATE 13. DEL SCHEDULE OTY 14. SCTY IS. SHIP TO 16. MARX FOR
(WHEN APPL) CLAS

A. 85DEC30 A. A. 1 u FY7624
IS. OIL SCHE) DATE 12. ENDING DATE 13. ,Elt .5-.(DULE CTV*

a. I. . D. . c ..4.. L

a..

C. C. C. E. C. C. "

17. DESCRIPTIVE DATA

SEE SECTION 11 (iv) OF BASIC CONTRACT FOR FY7624 ADDRESS.

DATA TO BE DELIVERED IN ACCORDANCE WITH ATTACHMENT #3, DD FORM 1423,
AS IMPLEMENTED BY PARAGRAPH VI, PAGE 9 HEREOF.

"REPRESENT$ A NET INCREASE)l/oCpfEA% WHEN NO + OR - APPfAS, AMRES THE ITEM NO

I IESTMAIIEO

(IN QTY) = DECREASE

I. 01 - (IN ITEM NO I= ADOITION Olt DltITION

AFSC '. 706 POPvIOuS EDITION '-LL ac USED
: 

.
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BUCKLEY ANGB
BORING MW-r I

10/23/84
0LoLs 0.0'

SC Yellow, low Plasticity, medium to fine,
sandy clay

5-------- --------- --- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- ---
ML Bluish-gray, weathered silt/clay stone

Yellow, sandy clay
IsCl

s0M THgray, s TTT6T---one

SC Yellow, sandy clay

----Lghtbrojn to ;eTeow and/si t stone with
15- rust staining

SM Bluish-gray, silt/clay stone

20- SC 'el low, brown and black, very weak, weath-

50+ ered sandstone; moist

I-'
W CL Brown, soft clay mixed with hard sandstone

25- _= 35

Light gray silt stone with thin (1/16 incl),
yellow sand lenses.

30-__ _

62 ....

Gray, weak shale with black flecks

X 35 .... Blue, waxy, weak s1

Grades to 9ray-blue, stroncer, not as waxy

40-

°% 45--

50

LOG OF BORING Dames & Moore
ONi PLATE C-I

2,5. .q .~ . .



BUCKLEY ANGB -

BORING MW-1

50

55- Gray-blue shale, heavily weathered in places,
• 68 with thin sand and coal seams; moist

Go-
1281 

U'

I

T.D. 68.5 Feet Very little moisture

70

I-.
ww

_ t

LOG O F BO RINGDa e & Mo r

PLATE C-2 .

I-_Ln • 0.



BUCKLEY ANGBBORING MW-2

"10/26/84 0.0' i

T _J.. soil with some fine qravel

CL

5-
-: ------------------------------

Coarse grained sand

Dark gray claystone
I0-

15--

CL

20-

I-

30-

0.

-- Bluish-gray, hard, waxy siltstone/shale

35-

40--

Light brown, hard, friable sandstone

Il3uish-gray, semi-hard to hard, waxy shale;
50-- 50/5 slightly moist

50/5-

LOG OF BORING Dames & Moore

PLATF C-3



BUCKLEY ANGB
BORING MW-2

50

50/51-

55-

60-

I

65-

T.D.= 68.0' in blue shale

70-

CL
w
z. 

*%" p

Q-

LO G O B I

PLATE CA,

I

LOG OF BORING,. ,
Dames & Moor.

PLATE C-4 -'



BUCKLEY ANGB
BORING MW-3

10/24/84
0f _ 5 Grayish-brown, loose, silty sand; moist 0.0'

toI ScI
--------------------------------

5 SM Light brown, very stiff silty sand withU some fine sand and clay

0- SM Darker brown, silty sand; roist

15-P ISM
15-6 6 i-.... Ls spjq..pr0siIt

SM Dark brown, dense silty sand

20--
9 1 , Light brown, very fine sand in clay

I-Sc
W,

z 25- _-------

-- Light brown sandy clay stone, very weak,
soft bedrock

30-

T.D.=35.O ', in sandy claystone; lots of
water

fNA

LOG OF BORING Dames & Moore
PLATE C-5

. - . .,. ,,- ,,-. ,.., -,--- -.-.-r , ,,- - .,:,. - . " , . -4 .t'. -.. '. - -, - R': w -,.% ."



BUCKLEY ANGB
BORING MW-4 At

0 10/25/84 0.0
, 51 - ML Black soil __-0.0--------

8 SM Dark brown, loose, fine sandy silt

7 ILI Light brown, semi-hard silt with weak-IIIMLI structure .

Rock flour with occasional gravel and some
white streak s ................. ...

Light brown, soft, plastic clay; moist

CL

-V

15-1 -EL _~kig .. gqy qalli c s iIt-

Brownish-gray clay with gypsum lenses
CL o

20-..
- - -- -- -- -- -- -- -- -- -- -- -- -- -- -- -

Loose, poorly sorted, sand and gravel (up

to 2 inches in diameter)

25- Weak claystone.
25-w

a..

oA Grading to firm claystone

30- GP

35

PLATE C-6

V0 V



BUCKLEY ANGB
BORING FT-2, B-1

0 10/0/8 0.0'

I Light brown, semi-stiff, low plasticity,
fine clayey sand; no odor221

WSame with some gypsum

5- lei Grades to higher gypsum content -•

17
to-4

10- --- With layer of charred material .9

T.D.=11.5' in gray hard claystone; no odor S

15

w9
.4%.

00

0

z_.

a-r

,,%d

LOG OF BORING Dames & Moore

I v. PLATE C-7

;~~~V N'"' ,



BUCKLEY ANGB
BORING FT-2, B-2 .

10/30/a5 0.0
II --- ,Some carbon in top 2 inches

20 Light brown, semi-stiff, low plasticity,
I SC fine sandy clay

5- Grades into stiffer clay with more
131. sand and some'gypsum

30-
IO- - CL Gray, hard, weathered clay/shale stone with

some gypsum 
I,:

3f Not as weathered; no odor
T.D.=115'

15

W

hii

La..

W

L O G O F B O R IN G D a e & M or

hii

PLT -

luzS~



BUCKLEY ANGB
BORING FT-3, B-1

10/29/84 0,0

08 Wet sand and pea gravel fill; strong
13fuel odor '

SM Grayish-green, soft, wet silt; strong5-4 fuel odor

. SP Rrownishi moist weathered siltstone with
,_strong fuel odor

l0- GP Coarse-grained gravel and wet, loose sand

5 Light odor
L "T.D.=1 1.5'

-p 15

?.

0

z40
I

I,-
1L

" LOG OF BIORIN!G Dames & Moore

~PL,4TF C-9 i

N I
.. . /-0

0".



BUCKLEY ANGB
BORING FT-3, B-2-

S 10/29/84 _And tnsoi 1 0"

Dark brown, dry, tightly packed silty sand

20 SM with some pea gravel in the top 6"; slight
odor

5- -Grayish-brown, hard, Aeathered siltstone/
121. clay stone; no odor

- - - - - - - - -- - - - - - - - - -

SP Medium to fine grained, loose, moist sand;

I __sU.gbtL.odPr _---------------------
10- Sandy claystone with white mottling

Fine to medium, clean dry sand; no odor
T.D.1 1.5'

4' I-.
w[

15/

Z

4 I-

* a°
C-

Wl
1.

Dames A Moore

PLATE C-10
Id



BUCKLEY ANGB
BORING FT-1, B-1

10/29/84
15 sM Fill wit-, or,',e gravel and sand 0.0

24 White, weathered, semi-hard claystone; no24 odor

5- CLGrades to more consolidated, brown and

5-"221 CL white qith some sand

10- - ---

361 sc Red, fine grained, hard sand/claystone with
iron stain

15 T.D.=l11.5'15

IL

2wI-.

IFI?N.i

, --

0

Dames & Moore

UCAI

,~~~~~~~~~~~~ 
V -.. . .... .,. -,,,. .. ,-,.''- '..



BUCKLEY ANGB
BORING FT-i, B-2
1 0/29/34

0 M _0.0'

CL Medium brown, semi-soft, medium plasti-
\city, clay121 - - - - - - - - - - -

5- -m Dark brown, stiff, low plasticity, silty
71l S sand

16 -- ----------- ----- -- -- -- -- -- -----

Reddish-brown, crumbly siltstone
10- - - - - - - - - - - - -

31fl Reddish-brown, sand/silt stone with pockets
of gypsum

15 T.D.=11.51

a;

WA

LOzFBRN
Daos-or

P1wFC1



BUCKLEY ANGB
BORING NSITE 5, ,B

10/29/84
--- ,Sand and loose aravel 0,0'

41 Light brown, soft, fine to medium sandy
41 clay with some scattered pea gravel and

5- SC some white clayey areas, no odor

q5
I0-- " '1---------------- ----

Ia- [: GPM ua L s do
... . .. .. ... .. . . . . .....S, , G P S o r ,m e s a n d

T.D.=11.5' fater was encountered at the sur-

face
'5

w
z

L.

Xdll 

LOG OF BORING Dames& Moor*

Pt 4TF C-13



BUCKLEY ANGB
BORING SITE 5, B-2 V

10/29/84 0.01

31l S--------------------------------------
-ray silt

Sc GrayisO-bi-ack sludge; some odor 7--

ry soft, moist sany clay with black
5- \ _ sLu Lra j oug;. _Li r --h----....--

SmLight gray, silIy sand with dark an6 I ic'kt-_ s.R°tsLD _nodo r _-i

9 Stiff, redium sandy clay with iron stair.s-
no odor

IO- S0 r rades to r-,ore cla-y .--------------

~ray, stiff, sandy clay; no oor

T.D.= 11.5'
Water was encountered at the surface

15-

L6

a.

WI ,-. A

LO G O F E3 R IN G Dar e & M oor e

PLATF C-14 ,

a.!

.'" 2.' ". ,. 2. -, ; ", 4 ;"" '.': '":''':':'".-: .-'',.€-""%. '"v", . o,. ,.-,- . . -,Lj , ....- ,J



BUCKLEY ANGB
BORING SITE 5, B-3

0 ~10/29/84 00
51 M. ----QJ ----------------------- 0.

SM Light brown, soft, medium plasticity,
,_- _!i It'Lsand: no odor-----------

5- -'-S Light brown, soft. low plasticity, very

5- fine sandy clay; no odor
-- White, very fine, moist, no plasticity

121- Brown coarse sand with some siltGP I10- CIGP oarse sand

T.D.=11 5'

zS

%I

;%I

LOG OF BORING aeaMoe

PLATE C-15



BUCKLEY ANGB
BORING SITE 5, B-3

10/29/84 0_0

SM Light brown, soft, medium plasticity; no

SC Light brown, somewhat clayey, very fine
5- SC sand, soft, low plasticity; no odor

M*- Wbte, r flour, very fine, low plastl-\Cty nooor ' ,
Ikfl s- -- :..,--------------

Large grain sand, very clean

151 IL '
S - T.D.=l1.5', clean hole

W

U.I

,.

' LOGOF BORING

U'A

LOG 
Dames & Moore

PLATE C-16
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APPENDIX C (continued)

PRIVATE WELLS IN THE VICINITY OF
BUCKLEY ANGB, COLORADO

LISTED BY LOCATION

1
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858 MERRICK DAMES & MOORE

FEB 19 1938

December 21, 1984 PARK RIDGF IL
Ref: 257-5338

Mr. Steve Werner
Dames & Moore
1626 Cole Blvd.
Golden, Colorado 80401

Dear Stcvc:

Enclosed is a list of elevations for the wells at Buckley Air National Guard Base
and Lowry Air Force Base. Photocopies of all field notes with sketches and ties to
the wells and borings are also included.

It has been a pleasure to serve you on this project.

Please call us if you should have any questions on this matter, or require any
further services.

Respectfully

Nelson O'Connor, P.L.S.
Project Manager

NO'C/cjw

Enclosures

_% '.

'%

Merrick & Company: Engineers & Architects * PO. Box 22026 e Denver, Colorado 80222 0 Telephone: 303/751-0741

;II: '
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December 21, 1984

Ref: 257-5338

WELL ELEVATIONS

Buckley Air National Guard Base

Number Elevation Note

MW 1 5549.85 Top of PVC
MW 1 5547.08 Ground
MW 2 5560.58 Top of PVC
MW 2 5558.14 Ground
MW 3 5520.59 Top of PVC
MW 3 5517.94 Ground
MW 4 5517.80 Top of PVC S
MW 4 5515.37 Ground

Lowry Air Force Base

Number Elevation Note

MW 1 5412.53 Top of PVC ,.K
MW 1 5410.62 Ground
MW 2 5415.98 Top of PVC
MW 2 5414.29 Ground
MW 3 5432.24 Top of PVC
MW 3 5431.24 Ground
MW 4 5436.48 Top of PVC
MW 4 5434.84 Ground
MW5 5384.22 Top of PVC
MW 5 5382.21 Ground

10 ',
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December 21, 1984

Ref: 257-5338

WELL ELEVATIONS

Buckley Air National Guard Base

Number Elevation Note

MW 1 5549.85 Top of PVC
MW 1 5547.08 Ground
MW 2 5560.58 Top of PVC
MW 2 5558.14 Ground
MW 3 5520.59 Top of PVC
MW 3 5517.94 Ground
MW 4 5517.80 Top of PVC
MW 4 5515.37 Ground

Lowry Air Force Base

Number Elevation Note

MW 1 5412.53 Top of PVC
MW 1 5410.62 Ground
MW 2 5415.98 Top of PVC
MW 2 5414.29 Ground
MW 3 5432.24 Top of PVC S

MW 3 5431.24 Ground
MW 4 5436.48 Top of PVC
MW 4 5434.84 Ground
MWS 5384.22 Top of PVC
MW 5 5382.21 Ground
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FIELD AND LABORATORY QUALITY CONTROL PROGRAMS

FIELD INVESTIGATION QUALITY CONTROL PROGRAM S

Quality control of field activities consists of following established procedures

during the conduct of the work. In those cases that require the drillin7 of test
borings, installation of Diezometers or monitor wells, and taking of soil and water

samples, the procedures include the preparation of records to document the
compliance with these procedures. These field records include boring logs, monitor
well installation records, daily field memoranda, sample shipment and test instruction

forms for soil sample testing, and chain-of-custody records for all soil and water
samples intended for chemical analyses. The nature of water sample tests was
established in advance so that plans could be made to snip samDles in an aporopriate

and timely manner.

The pH and specific conductivity meters used for field water quality

measurements were calibrated with known standards immediately before the

measurements were made. The HNU photoionization detector and explosimeter used S
to monitor vapors generated while drilling have internal calibration routines that
were followed when the meters were turned on. A detailed descriotion of samoling
procedures is located in Section III.

LABORATORY QUALITY CONTROL PROGRAM

UBTL is an accredited laboratory of the American Industrial lyqiene (AIHA) V.

Z Association (No. 17) and, as such, particioates in an extensive interlaboratory
proficiency analytical testing program sponsored by the National Institute for

Occupational Safety and Health (NIOSH). In addition, UBTL is currently licensed by 0
the Center for Disease Control (CDC) to perform chemical and clinical analyses of

biological specimens and is State of Utah/USEPA approved for environmental

analyses. The comprehensive internal quality control program at UBTL is detailed as
follows.

~Introduction

UBTL has implemented an effective system for Quality Control (QC).

e, %Procedures that are employed include:

1. Services of a full-time Quality Controi/Ouality Assurance Section; w.

2. Preparation of internal quality control samples;

3. Collection and evaluation of quality control data;
4. Generation of quality control charts' and
5. Instrument calibration and maintenance. 5

ri] DRAFT
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Sample Analyses

At least one blank sample and one reagent blank are included with each set of

analyses and processed through the complete analytical procedure in order to detect

any contamination in either collection media or reagents. In addition, duplicate

analyses are accomplished on a minimum of 10 percent of all samples submitted from

the field. Internal quality control samples, generated in the laboratory and

containing known quantities of specified analyte(s), are run at the rate of 10 percent

of the total field sample workload. At the completion of the analysis of a saintle

set, each chemist calculates his results and reports the results on the AnalyticalIL.

Report Form. Results for replicated samples and internal quality control samples are I

reported on the computer-generated Quality Control Data Sheet. Before the results S

are submitted to the Group Leader, another peer chemist analyst is assigned to

check results for possible errors in the calculations. He must apDrove results

reported on both the quality control sheet and the sample sheet. The Group Leader,

after his evaluation of the data, gives the report sheets to the Quality Assurance .' :

Specialist (QAS) for his evaluation and implementation of any required action. •

Specific steps are followed when any one QC sample result is determined to be r.:

out of control in connection with the analysis of a field sample set. QC charts I

with adjusted control limits of + 3 standard deviations will generally be used to

deter'mine whether a result is out of control. If QC results are in control, the AS

signs off the report. It is then reviewed by the Section Head for accuracy of the

results. Upon final approval of the reports by the QAS and the Section licad, the

reports are sent to the sponsor.

The paperwork containing the raw data for a sample set (i.e., chart paper,

computer readouts, paper tapes, calibration curves, tables of data, etc.) is collected

and placed in an 8 -inch by 11-inch envelope that has been labeled vith sample

numbers, analyst, date, and other pertinent information. The envelooes are filed by ],

laboratory number for possible future reference and data retrieval. Raw data for

each sample analysis are therefore readily available, if needed.

Quality Control Sample Data Analysis

(W

A record of the preparation of internal QC samples is detailed in the QC log

book maintained by the QAS. As aDOropriate, a set of QC samples is distributed to

the chemist along with each samle set at an averagre rate of at least 10' percent of "

the submitted samoles. rhe analyses and data evaluations are performed for these %

QC samples, alona with the submitted samples, and results !Ire tabulated on the

comouter-,enerated Otalitv Control Data Sheet. At least duplicate results are

reDorted for each internal QC sample.

[21 DRAFT -A
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QC charts are generated for each analyte through the analysis of QC samole

results. Each result is divided by the theoretical va'ie to standardize results so
that data from all concentrations can be directly compared for accuracy and

precision. When a control data set of N sample results has been accumulated, the
following statistics are calculated: mean percent recovery, replicate standard
deviation, and set standard deviation. These statistics are then used to determine
accuracy and precision QC limits.

The control data set is updated after evaluation of 20 successive QC samples

and includes data on the 50 most recent results. Any control sample analysis that is

beyond accuracy or precision limits is not used in the subsequent determination of

new limits.
0

External Quality Control Programs

In addition to internally generated QC data, other information concerning QC is
provided by the participation of UBTL in four interlaboratory QC programs: NIOSH1

Proficiency Analytical Testing (PAT) Program; two CDC Blood Lead QC Programs; 0

and State of Utah Environmental Quality Control Program. The PAl" Program and
the CDC Blood Lead Programs involve the participation of more than

100 laboratories on a nationwide basis. The PAT Program addresses the analysis of

filter samples for lead, cadmium, zinc, free silica, and asbestos and the analysis of

charcoal tubes for various organic solvents.

Laboratory Data Reduction

A significant fraction of the Chemistry Department's work involves data

processing. Mathematical models, based upon analysis of standard solutions or
samples, are generated in order to determine the quantity of analyte present in the

iN samples. Considerable time and effort are saved by the utilization of automated
data processing procedures. Data processing by the computer can include, for

example, calculations, generation of standard calibration curves, mathematical '
modeling of standard curves, statistical analyses, and the generation of hard coDy -

output. Advantages intrinsic to the use of an automated system include more
accurate calculations, immediate and accurate generation of data plots, fewer
transcription errors, and no calculation errors after programs have been verified and

documented. In general, the types of data that are processed are those derived S
from the following techniques: atomic absorption and flame emission spectroscooy,

gas and liquid chromatography, optical absorbanee soectroDhotometr,, specific ion
electrode, fluorescence spectroscopy, and wet chemistry determinations. Similar

functions are emoloyed for QC data. In gddition, the data system is utilized to
store QC data, provide statistical analyses, and generate and update QC charts.

[31 DR AFT
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The advantage of the provision for statistical analyses and the Production of OC
charts by automation is that the charts may be easily updated with minimal effort.
QC data and any required action may, therefore, be provided on a daily basis.

Reporting Procedures

The analytical data are reported to the sponsor at the completion of each
sample set. The report includes the following items:

1. A memorandum describing the sample set; the condition and aopearance
(i.e., homogeneityi integrity, etc.) of the samples upon receipt at UBTL;

the method, equipment, and technique used in the determination; any

interferences that were observed; and any unusual circumstances that may

have occurred during the analysis. [The limit(s) of detection are also

reported.]

2. UBTL Analytical Report Form, including field ID number, laboratory ID £

number, identification of the analytes, results of each determination,

limit(s) of detection, and comments.

3. Other items, such as copies of strip chart recorder output, computer
printout sheets, and other raw data (to be included as required).

Instrumentation

Each major equipment item at the UBTL Chemistry Department undergoes a
routine preventive maintenance check on a regular schedule. This check is

accomplished by a trained engineer. In addition, performance checks are made by
the analyst prior to the analysis of each set of samples. This involves the analysis
of one or more standards and a comoarison of the values obtained with previous
results and conditions. This information is recorded in an instrumentation log.

When an instrument or aoparatus malfunctions and the problem is not readily
corrected, the appropriate Section Head is notified. If it is determined that a visit
by the service representative is required, a service call is scheduled and the QAS is .w
notified. Action by the service representative is recorded by the QAS in the
Instrument Maintenance Log, and the appropriate customer field and service order
forms are filed, by instrument, in the Instrument Maintenance Log Suoplement File.
In an effort to monitor and maintain instrument specifications, logs for each of the
AA spectroPhotometers, the gas chromatograohs (GC), the X-ray defractometer
(X-ray), and the mass spectrometers (N)S have been provided for the analytical
chemists' use each time an analysis is performed. The AA instrumentation logs

[4] DRAFT



contain entries for date, analyst, lamp number (if more than one lamp is available),

standard concentration (recommended in manual), reading in milliabsorbence units, and

a column for when instrumental parameters differ from the recommended conditions

listed in the manual. The GC, X-ray, and MS logs contain entries for date, time,
analyst, set identification number, and comments on oarameters or performance.

Training

UBTL has established a continuing program of training of current Dersonnel

with respect to QC procedures. In addition, an intensive program for the training of

recently recruited personnel in both analytical methods and techniques and QC

policies has been implemented. It is the responsibility of the QAS and the

Laboratory Director to train all laboratory personnel.

Results of the Laboratory QC Program

The results of the QC analyses for soil and ground water samples are oresented

in Appendix G, Analytical Data.

Soil Analyses

The laboratory QC program for soils, presented in Aopendix G, included

duplicate and spiked samples for phenolics, TOC, TOX, EP toxic metals, endrin,

lindane, methoxychlor, toxaphene, 2,4-D, 2,4,5-TP (Silvex), 2,4,5-T, and o,p'-DDT.

Recoveries of spiked samples were ood except that for lead, which was 3 percent.

A matrix effect is suspected. A matrix effect occurs when the lead is not liberated
completely during the analysis and, therefore, the measured values are lower than

expected in the spike analyses. Other parameters ranged in recovery from

52 percent (TOX - interference effect) to 130 percent. Duplicate analyses for the

above -listed parameters plus moisture content were also acceptable.

Ground Water Analyses

v The laboratory QC program for ground water samples, presented in Appendix G, .
included analyses for duplicate and spiked samples for cadmium, chromium, lead, K.
nickel, silver, phenolics, TDS, TOC, TOX, aldrin, D,p'-DDT, dieldrin,, endrin,

heptachlor, lindane, 2,4-D, 2,4,5-VP (Silvex), and 2,4,5-T. Recoveries ranged from ,"'

75.3 percent (nickel) to 132 percent (p,p'-DDT). The only unacceotable value outside

this range was 7 percent for lead, and a matrix effect is suspected. The duplicate

analyses were acceptable.

[usaf-aDD/qcJ
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CHAIN-OF-CUSTODY FORMS
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CHAIN-OF-CUSTODY RECORD

( SAMPLER' S NAME: S AMPLING LOCATION: LF~L4('- /-
COMPANY: , . TYPE OF SAMPLES: .,

MONITOR 1 NUMBER OF CONTAINER
WELL DATE TIH1E IDENTIFICATION

NUMBER DTCONTAINERS NUMBER

F rl iA" k&. , _ .
Z- Z- 3 r A

Ai /Z7 L ~~

re
6%

DATE TIME RELINQUISHED BY (SIGNATURE) RECEIVED BY (SIGNATURE)

METHOD OF SHIPMENT DISPAt6HE BY (SIGNATURE) '  $

/r~~5 /z/z

-* a - -' -v

RECEIVED~~RCEVE BY ANLSICLGNATURRE) (IGATRE

*One copy of this form should be kept on file at the plant. The other should accompany

the samples to the laboratory. Each time the samples pass from the possession of one
person to another, this form should be signed in the appropriate spaces. L

1%q



CHAIN=OF-CUSTODY RECORD

IF r.3

IFI

DATE TIME RELINQUISHED BY (SIGNATURE) RECEIVED BY (SIGNATURE) "..

~:::

METHOD OF SHIPMENT DISPATCHED RY (SIGNATURE)

RECEIVED AT ANALYTICAL LABORATORY BY (SIGNATURE)

*OnG COPY Of this form should be kept on file at the plant. The other should accompany
the samples to the laboratory. Each tie the samples pass from the possestIJOn of one --

.ER,, - to another . @- s - - %A ' - M-,"



vw. .L 1.'

2

I. CHAIN-OF-CUSTODY RECORD

SAMPLER'S NAME: ( /'4e '- SAMPLING LOCATION: ___________ -___

COMPANY: h'k - " TYPE OF SAMPLES: ___________-___

MONITOR NUMBER OF CONTAINER
LE DATE TI ONTAINERS DENTIFICATION

ENUMBER NUMBER

. .,: &87&/: 2 .

I. 
I

( "13

I_..
[.

DATE TIME RELINQUISHED BY (SIGNATURE) RECEIVED BY (SIGNATURE)

_ _ _ ./4o,_ _ __

METHOD OF SHIPMENT DISPATCHV BY (SIGNATURE)

RECEIVED AT ANALYTICAL LABORATORY BY (SIGNATURE) - - --

*One copy of this form should be kept on file at the plant. The other should accompany
the samples to the laboratory. Each time the samples pass from the possession of one
person to another, this form should be signed in the appropriate spaces.

' . %A "



I +~HA',N-OF-CUSTODY REC+ORD,+
+ IC .SAMPLER=I'S NAME: Si. ., . , AMPING OC.OATION,: i;+"+

COMPANY: ..f :,- ' ,--+m,+ TYPE OF SAMPLES: -+ '

W41,,o DA E ,.E UMER OF CONTAINER,!
NUM R DAETECONTAINERS IDENTIFICATION NME

2- 01,70 C

17

RECECA AT ANLTIME LINOFUIS BY (SIGNATURE) RE

METCOPAN:D OF SIMETYP ODAMLS:ATCH+ BY(INAUE

REV D ATE YIALBORTORYE B SNAUE---.+..y!IDE TIFCTO

, *One copy of this form should be kept on file at the plant. The other should accompany ,

the samples to the laboratory. Each time the samples pass fr:om the possession of one "
| person to another, this form should be signed ia the appropriate spaces. e

CONTAINERS NUNBER
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APPENDIX G

ANALYTICAL DATA
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Curriculum Vitae

KENNETH J. STIMPFL

Title Partner

Expertise Environmental Analysis
Impact Assessment
Site and Route Selection

Aquatic Ecology

Experience Principal-in-Charge/Project Director
With Firm * Review of permits and plant operations for regulatory compliance at four chemical plants

in the midwest.
0 Hydrological and aquatic ecological assessment and hearing testimony in support of petition

for a variance from water quality standards.
0 Technical project planning, hazardous waste, field investigations, feasibility studies andIil clean-up strategies for U.S. Air Force facilities in Alaska, Idaho, Colorado, Nevada,

Arizona and New York.
* Site selection and evaluation study for additions to existing fossil power plants, Michigan.
1 Environmental assessment, permits and hearing for a new manufacturing plant in Michigan.
* Environmental baseline studies for a fossil-fueled power plant, Michigan.
* Environmental and geohydrological assessment of inactive industrial waste site, Michigan.
• Geohydrological assessment of chemically contaminated site, Michigan.
* Environmental assessment and defense in litigation for oil well development. Michigan.
* Environmental and engineering evaluation of manufacturing plant sites in Iowa, Indiana,

Missouri, Michigan, Wisconsin, and Ontario.
e Ecological assessment of potential chemical contamination in the Menominee River,

Wisconsin.
* Environmental assessment, preliminary containment design, and negotiation of consent

judgment with state and federal agencies for a contaminated chemical plant site, Michigan.
9 * Site selection study for a new fossil or nuclear power plant, Michigan.
* Preparation of a regulatory compliance plan for a proposed synfuels project, Illinois.
0 Radiation survey, assessment, decontamination and health physics monitoring for NRC

release of contaminated plant site, Michigan. 0
* Wetland assessment, development of alternative layouts and agency negotiations regarding

a denied 404 permit for a dock in Wisconsin.
e Assessment of environmental enhancement potential through selective dredging of the Little

Calumet River for the Chicago District, Corps of Engineers., '

* Assessment of potential economic impacts from a proposed regulation to ban landfill
disposal of chlorinated solvents for the Illinois Department of Energy and Natural~Resources.

* Assessment of aquatic impacts and effects on low-level hydroelectric potential for a variety
of proposed dam modifications on the Fox River for the Chicago District, Corps of
Engineers..

Dames & Moore
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Project Manager
* Aquatic ecology baseline study and impact assessment for nuclear power plant in

Wisconsin, Wisconsin Electric Power Company.
" Environmental baseline studies and impact assessment for copper/zinc mine in Wisconsin,

Exxon Minerals Company.
* Power plant site selection study.

Past Sargent & Lundy Engineers, Chicago, Illinois
Experience * Power plant site selection and evaluation studies in Illinois, Iowa, Wisconsin, Indiana, and

studies in Illinois, Iowa, Wisconsin, Indiana, and Oklahoma.
" Ecological baseline studies and impact assessments for thirteen fossil and nuclear power

plants.
" Impact assessment, route selection and evaluation of alternative designs for transmission line

in West Virginia.
" Evaluation of alternate cooling systems for nuclear power plant.

Faculty Appointment, Indiana University

Assistant Professor of Zoology, Colorado State University

Academic B.S., zoology, Northern Illinois University
Background M.S., zoology, Colorado State University

Ph.D., limnology, Indiana University

Professional Ecological Society of America; American Society of Limnology and Oceanography; National
Affiliations Association of Environmental Professionals; Societas Internationalis Limnologiae; Illinois

Association of Environmental Professionals; Consulting Engineers Council of Illinois

Registration Certified senior ecologist (Ecological Society of America)

Publications Numerous technical reports, environmental assessments and environmental reports.

-J.
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Curriculum Vitae
'I

LAWRENCE EDWARD COPE

t Title Hydrogeologist

Expertise Ground Water Hydrology, Geology

Experience o Participated in soil and ground water investigations on potential
with Firm industrial contamination sites in Colorado, Wyoming, and

Nebraska. Work included drilling supervision, ground water
sampling, and aquifer testing and analysis.

o Supervised drilling, well completion, and ground water sampling.
activities at a hazardous waste site in Colorado.

o Project coordinator for industrial plant site selection study in
Wyoming. Also project staff member on various environmentnl
assessment and site selection studies in the western United
States.

o Field geoogist sampling and logging soils for foundation
engineering studies in Montana.

o Field geologist on gold placer explorations projects in Wyomingz
and Amazon Basin, Brazil.

t! Past o Staff hydrologist for an earth sciences and engineering consulting
Experience company. Involved with ground water investigation for oroposed

in-situ uranium mine in Wyoming. Also involved with dewatering
control system design for open-pit lignite mine in Mississippi.

o Assistant hydrologist for U.S. Geological Survey, Water Resources
Division, Nuclear Hydrology Department. Member of research
team studying hydrologic suitability of proposed site as a nuclear
waste repository. Work included design and implementation of
downhole instrumentation package and data acquisition system,

Ap_ laboratory testing of system, and computer analysis and
presentation of data.

Academic
Background B.A., Earth Sciences, University of Colorado, Boulder, 1978

Professional National Water Well Association
Affiliations Colorado Ground Water Association

nh-tI
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Curriculum Vitae

M. CAROL MC CARTNEY

Title Project Hydrogeologist

Expertise Hydrogeology
Glacial Stratigraphy and Geomorphology
Environmental Geology
Regulatory Analysis and Liaison
Environmental Data Base Management

Experience o Investigation of ground water contamination at U.S. Air Force
with Firm bases. 4

o Creation of computer data base to display air pollution/emissions
data.

Past Environmental Scientist, Wisconsin Power & Light Company
Experience o Managing contracts with consulting firms in air and water

quality monitoring programs.

o Interpreting technical reports on air and water quality for
company management.

o Acting as company liaison to technical staff of state and
federal regulatory agencies.

o Observing and participating in air and ground water quality
laws and rules development in Wisconsin.

o Reviewing and interpreting environmental laws and regulations
for effect on company's policy, actions, and position papers.

Hydrogeologist, Residuals Management Technology, Inc.

o Design and implementation of water quality monitoring
programs at mining, industrial, and hazardous waste land
disposal sites and hazardous waste treatment facilities.

o Directed studies and field investigations to determine the
feasibility of initiating landfill operations at new sites, and
expanding operations at existing sites.

o Conducted screening studies to find landfill sites to meet
environmental regulations for industrial and mining waste.

Academic B.A., Geology, University of Colorado, Boulder, 1973
Background M.S., Geology, University of Wisconsin, Madison, 1976

Ph.D., Geology, University of Wisconsin, Madison, 1979

Professional American Water Resources Association, Wisconsin Section, 'I

Affiliations President-elect, 1984-85
Certified Soil Tester, State of Wisconsin
Sigma Xi

Publications Author of technical papers and maps on glacial deposits and glacial -
history in Wisconsin.

ch-tr Dames & Moore
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Curriculum Vitae
CAROL JEAN SCHOLL

Title Staff Geologist

Expertise Geology
Ground Water Hydrology

Experience Staff Geologist, 1983-
with Firm o Managed hazardous waste field investigation at United States

Air Force (USAF) facility, Illinois. The program involved the
analysis and evaluation of hazardous materials in soil and
ground water including fuels, solvents, and trace metals.

o Analyzed data, prepared reports, reviewed audits, and designed
field investigations for numerous USAF hazardous waste
studies.

~I o Dames & Moore's Group Contact Coordinator for the Electric •
Power Research Institute's Seismic Risk Hazard Analysis
Program, Region 2.

o Prepared responses to questions posed by the NRC concerning
faulting studies for a nuclear power plant in southern Indiana.

Assistant Geologist, 1973-1975So Assisted in the compilation and reduction of ground water
data for PSARs for three nuclear power plant sites (NPPS).

o Participated in detailed field structural geological studies of a
NPPS in Pennsylvania. I %

o Performed geological and ground water investigations of a

NPPS contaminated by industrial wastes.
o Performed engineering geological duties during rock coring and

soil sampling program at a NPPS in northwestern Illinois.o Assisted in reduction of ground water data for a hvdrologic

stuoy of a proposed coal strip mine in eastern Montana.

Past Head: Group Programs, Field Museum of Natural History, Chicago Z

Experience o Supervised professional and clerical staff members of a division
of the Department of Education.

o Participated in planning and decisions regarding departmental
policies, budgets, and procedures.

Instructor of Geology, Field Museum of Natural History, Chicago %

o Instructed school groups, adult volunteers, and other adult %.,
groups in geology in the museum.

o Trained adult volunteers to present geology tours.
o Supervised a manned exhibit featuring a hands-on environment 0

of natural history specimens.

Dames & Moore
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CAROL JEAN SCHOLL
Page Two I.

Past Miami University, Oxford, Ohio .

Experience o Graduate Teaching Fellow and Associate.
(cont'd) o Graduate Teaching Assistant.

Academic Course work toward Ph.D., with emphasis on Geochemistry and
Background Mineralogy, Miami University, Oxford, Ohio

M.S., Geology, 1970, Miami University, Oxford, Ohio
B.S., Geology, 1966, Kent State University, Kent, Ohio

Citizenship American I
Countries
Worked In United States I
Language
Proficiency English

Professional American Association for the Advancement of Science I
Affiliations Mineralogical Society of America

National Water Well Association |
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Curriculum Vitae

STEVE A. WERNER

Title Ground Water and Geotechnical Assistant

Expertise Ground and Surface Water Hydrology

Experience o Field Supervisor of drilling, well installation, and sampling for
with Firm hazardous waste contamination investigations in Utah and

Colorado.
o Conducted ground and surface water sampling for Durango S

UMTRAP (Uranium Mill Tailings Remedial Action Program)
project.

" Assisted in supervision of drilling and development of ground
water monitoring for Durango UMTRAP project.

o Assisted in geotechnical drilling for Durango UMTRAP project.

o Assisted in field soils evaluations for Durango UMTRAP project.

o Conducted all radiological sampling for Durango UIMTRAP project.

o Conducted all meteorological data collection for Durango
UMTRAP project.

o Field installation of all environmental monitoring sites.

Background B.S., Genetics, University of Utah (emphasis in Radiological Sciences)

Dames & Moore 0
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Project Name and Number: Phase lib Environmental Investigation (01016-214-07)
I 1Project -Site Location: Buckley Air National Guard Base, Colorado

Field Supervisor: Richard L. Harlan

On-Site Safety Officer:.

Plan Preparer: Michael W. Ander
1 Plan Reviewer: Kim Petschek '

~Preparation Date: April 30, 1984

Plan Approvals:

Project Safety Coordinator".,

"".

Michael W. Ander (date) .

itManaging Principal-in-Charge -.

George W. Nicholas (date) ,.

Field Supervisor ,.

Ile

Fd e o R rRichard L. Harlan (date)

I. PURPOSE
The purpose of this Plan is to assign responsibilities, establish personnel

_ protection standards, specify mandatory operating procedures, and provide for
contingencies that may arise while operations are being conducted at the site.

If. APPLICABILITY ,
The provisions of the Plan are mandatory for all on-site Dames & Moore

employees and subcontractors engaged in hazardous material management
''- ~activities including but not limited to initial site reconnaissance, preliminary u= ,field investigations, mobilization, project operinatoion.

George.W. Ncl (date)
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Ill. RESPONSIBILITIES

A. Field Supervisor -

The FS shall direct on-site investigation and operational efforts. At the
site, the FS, assisted by the on-site Safety Officer, has the primary
responsibility for:

1. Assuring that appropriate personnel protective equipment is available
and properly utilized by all on-site personnel.

2. Assuring that personnel are aware of the provisions of this plan, -
are instrudted in the work practices necessary to ensure safety,
and in planned procedures for dealing with emergencies.

3. Assuring that personnel are aware of the potential hazards
associated with site operations (see Tables 1 and 2).

4. Monitoring the safety performance of all personnel to ensure that
the required work practices are employed. i :

5. Correcting any work practices or conditions that may result in
injury or exposure to hazardous substances.

6. Preparing any accident/incident reports (see attached Accident
Report Form).

7. Assuring the completion of Plan Acceptance and Feedback forms
attached herein.

B. Project Personnel -V

Project personnel involved in on-site investigations and operations are I
responsible for:

1. Taking all reasonable precautions to prevent injury to themselves
and to their fellow employees. ""

2. Implementing Project Health and Safety Plans, and reporting to the
FS for action any deviations from the anticipated conditions
described in the Plan.

3. Performing only those tasks that they believe they can do safely, 1.-.
and immediately reporting any accidents and/or unsafe conditions to
the FS.

[2]
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kw IV. BACKGROUND

Based on preliminary site evaluations of Buckley ANGtJ, Colorado, there •
appear to be five (5) areas that may have generated significant environmental %
contamination over the lifetime of the facility. Suspected contaminants have
been identified; quantification awaits future investigation based on sampling
and analysis. Dames & Moore anticipates that site conditions are such that
only relatively low levels of contaminants may be encountered during the
proposed drilling and soil and water sampling. 4

Base Dump and Oil Pit - The base dump was in use from 1942 through 1982.
Materials disposed of include municipal refuse, building materials, paint cans,
pesticide containers, 'fuel tank sludges, solvent containers, scrap metal, and
asbestos brake pads. The oil pit received waste oil products from 1950
through 1982, and the contents of the pit were occasionally burned in the S
1950s. The Phase I report notes that the pit currently contains standing oil
and possibly waste solvents.

Fire Trzining Areas - FTA No. 2 was operated from the early 1950s until
1972, during which time approximately 150 gallons of water-contaminated JP-4
fuel or AVGAS were used per training session. FTA No. 3 began operation in
1972, and similar quantities of JP-4 fuel were burned at this site. At both
FTA No. 2 and No. 3, 50 to 70 percent of the fuel was burned during the
exercise, the remainder being allowed to remain on site. At FTA No. 1, in
operation during the late 1940s and early 1950s, AVGAS was burned. It is
believed that in the past, other flammable materials from the waste oil ,.
holding tank, including motor oil and solvents, were burned at these sites. 0

Storm Drainage System (near Building 801) - This area was used for washing
and painting aircraft between 1942 and 1982. Materials washed off the apron
include fuels, cleaning compounds, ethylene glycol, paints, and strippers.

A. Dames & Moore Activity

Dames & Moore will drill soil borings at the fire training areas and the
storm drainage system area and collect soil samples. Monitoring wells
will be installed south and north of the base dump and oil pit. Soil
samples will be collected from the monitoring well borings.

B. Suspected Hazards

Suspected hazards are present in as much detail as is currently availaboe.
These are POL (waste petroleum, oils, and solvents) products, JP-4 fuel,
AVGAS, pesticides, and paint.

''R

V. EMERGENCY CONTACTS AND PROCEDURES

Should any situation or unplanned occurrence require outside or support
services, the appropriate contact from the following list should be made:

[31 4
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Agency Person to Contact Telephone

D&M Field Supervisor R. Harlan (office) 303-232-6262 r
(home) 303-988-2366

D&M Industrial Hygiene K. Petschek (office) 914-761-6323

and Safety Director (home) 212-724-6414

Police I

Fire . °

Ambulance

Hospital

Command Post

In the event that an emergency develops on site, the procedures delineated

herein are to be immediately followed. Emergency conditions are considered .
to exist if:

o Any member of the field crew is involved in an accident or experiences
any adverse effects or symptoms of exposure while on scene.

o A condition is discovered that suggests the existence of a situation more 4A

hazardous than anticipated.

The following emergency procedures should be followed:

a. In the event that any member of the field crew experiences any adverse
effects or symptoms of exposure while on scene, the entire field crew ,
should immediately halt work and act according to the instructions
provided by the Field Supervisor. I

b. The discovery of any condition that would suggest the existence of a
sitaation more hazardous than anticipated should result in the evacuation ,,.
of the field team and reevaluation of the hazard and the level of
protection required.

c. In the event that an accident occurs, the FS is to complete an Accident
Report Form for submittal to the MPIC of the office, with a copy to.
the Health and Safety Program Office. The MPIC should assure that
followup action is taken to correct the situation that caused the
accident.

!%
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VI. MONITORING METHODS AND PROTECTION REQUIRED

Monitoring Methods, Action Levels and Protective Measures

Methods for monitoring for suspected contaminants, action levels, and
protective measures to be used for various contaminant concentration
levels are presented in Table 1.

Protective Equipment Required for On-Site Activities

The protective equipment required may vary, depending on the
concentrations and dispersion of contaminants encountered during each
phase of the work. Table 2 specifies protective equipment required for
each on-site activity.

r 0
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1.

FORM #IHST-1 "

REVIEW RECEIPT

PROJECT HEALTH AND SAFETY PLAN

Instructions: This form is to be completed by each person to work on the site and

returned to the Program Director-Industrial Hygiene and Safety.

Job No. 01016-214-07

Project: Buckley Air National Guard Base, Colorado

Rev. No. 0 Date 04/30/84

I represent that I have read and understand the contents of the above plan and

agree to perform my work in accordance with it.

Signed U :

Date

[61 2



TABLE 1

HAZARD MONITORING METHOD, ACTION LEVELS, AND PKOTECTIVE MEASURES

Monitoring
Hazard Method Action Level Protective Measures

Toxic HNU continuous >5 units Don respirator. See
atmosphere recorder Table 1 for exposure

standards.
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TABLE 2

I

PROTECTIVE EQUIPM ENT I
Level Protective Equipment Criteria for Use

C Full-face respirator with When drilling or sampling where
air-purifying cartridges dusts become airborne, when organic
for gas/dusts odors are noticeable, or as indi

cated by HNU.

Disposable coveralls ceb N

Rubber boots

Hard hat with splash shield I
or safety glasses/goggles

Nitrile gloves LK

D Rubber boots During sampling activities other t
than those mentioned above

Disposable coveralls

(optional)

Nitrile gloves

Safety glasses or
goggles

Hard hat

p p.
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